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OBJECTS. 
Art. 1. The objects of the Amentcan Soctrry oF MECHANICAL 
ENGINEERS are to promote the Arts and Sciences connected with 
Engineering and Mechanical Construction, by means of meetings 
for social intercourse and the reading and discussion of profes- 


sional papers, and to circulate, by means of publication among its 
~ members, the information thus obtained. 


MEMBERSHIP. 


Art. 2. The Society shall consist of Members, Honorary Mem- 
bers, Associates and Juniors. 
Arr. 3. Mechanical, Civil, Military, Mining, Metallurgical and 


Naval Engineers and Architects may be candidates for member- 


ship in this Society. 
Arr. 4. To be eligible as a Member, the candidate must have been 
so connected with some of the above-specified professions as to be 


considered, in the opinion of the Council, competent to take charge 


of work in his department, either as a designer or constructor, or 
else he must have been connected with the same as a teacher. 

Art. 5. [Honorary Members, not exceeding twenty-five in num- 
ber, may be elected. They must be persons of acknowledged pro- 
fessional eminence who have virtually retired from practice. 

Art. 6. To be eligible as an Associate, the candidate must have 

such a knowledge of or connection with applied science as quali- 

fies him, in the opinion of the Council, to co-operate with engineers 
In the advancement of professional knowledge. 


RULES 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
[Adopted November 5th, 1884.] 
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RULES OF THE 


Art. 7. To be eligible as a Junior, the candidate must have 


been in the practice of engineering for at least two years, or he 


must be a graduate of an engineering school. 

The term “Junior” applies to the professional experience, and 
not to the age of the candidate. Juniors may become eligible to 
membership. 

Arr. 8. Ali Members and Associates shall besequally entitled to 
the privileges of membership. Honorary Members and Juniors 
shall not be entitled to vote nor to be members of the Council. 


ELECTION OF MEMBERS. 


Arr. 9. Every candidate for admission to the Society, excepting 
eandidates for honorary membership, must be proposed by at least 
three members, or members and associates, to whom he must be 
personally known, and he must be seconded by two others. The 
proposal must be accompanied by a statement in writing by the 
candidate of the grounds of his application for election, including 
an account of his professional experience, and an agreement that 
he will conform to the requirements of membership if elected. 

Arr. 10. All such applications and proposals must be received 
and acted upon by the Council at least thirty days before a regu- 
lar meeting, when the Secretary shall at once mail to each mem- 
ber and associate, in the form of a letter ballot, the names of can- 
didates recommended by the Council for election, 

Arr. 11. Any member or associate entitled to vote may erase 
the name of any candidate, and may, at his option, return to the 
Secretary such ballot enclosed in two envelopes, the inner one to 
be blank and the outer one endorsed by the voter. 

Arr. 12. The rejection of any candidate for admission as mem- 
ber, associate, or junior, by seven voters, shall defeat the elee- 
tion of said candidate. The rejection of any candidate for admis- 
sion as honorary member by ¢hvee voters shall defeat the election 
of said candidate. 

Arr. 13. The said blank envelopes shall be opened by the 
Council at any meeting thereof, and the names of the candidates 
elected shall be announced in the first ensuing meeting of the So- 
ciety, and also in the first ensuing list of members. The names 
of candidates not elected shall neither be announced nor recorded 
in the proceedings. 


~ Arr. 14.—Candidates for admission as honorary members shall 
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nations shall state the grounds therefor, and shall certify that the 
nominee will accept if elected. The method of election in other _ 
respects shall be the same as in case of other candidates. 


Arr. 15, All persons elected to the Society, excepting honorary 
members, must subscribe to the rules and pay to the Treasurer 
the initiation fee before they can receive certificates of member- 
ship. If this is not done within six months of notification of elee- 
tion, the election shall be void. 

Arr. 16. The proposers of any rejected candidate may, within 
three months after such rejection, lay before the Council written 
evidence that an error was then made, and if a reconsideration is _ P 
granted, another ballot shall be ordered, at which thirteen nega- 
tive votes shall be required to defeat the candidate. 


Art. 17. Persons desiring to change the class of their member- 
ship shall be proposed in the same form as deseribed for a new 
applicant. 


gue FEFS AND DUES. 


Arr. 18. The initiation fees of members and associates shall be 
$15, and their annual dues shall be S10, payable in alvanee. The 
initiation fee of juniors shall be S10, and their annual dues $5, 
payable in advance. A junior, being promoted to full membership, 
shall nay an additional initiation fee of 85. Any member or as- 
sociate may become, by the payment of $150 at any one time, a 
life member or associate, and shall not be liable thereafter ta - 
annual dues. 

Arr. 19. Any member, associate or junior, in arrears may, at 
the discretion of the Council, be deprived of the receipt of publi- 


cations, or stricken from the list of members, when in arrears for 
one year. Such person may be restored to membership by the 
Jouncil on payment of all arrears, or by re-election after an inter- 
val of three years. 


OFFICERS. 

Ant. 20. The affairs of the Society shall be managed by a Coun- 
cil, consisting of a President, six Vice-Presidents, nine Managers, 
and a Treasurer, who shall be elected from among the members 
and associates of the Society at the annual meetings, to hold office 


as follows: 
Arr. 21. The President and the Treasurer for one year; and 
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Art. 7. To be eligible as a Junior, the candidate must have 


been in the practice of engineering for at least two years, or he 


must be a graduate of an engineering school. 

The term “Junior” applies to the professional experience, and 
not to the age of the candidate. Juniors may become eligible to 
membership. 

Arr. 8. Ali Members and Associates shall besequally entitled to 
the privileges of membership. Honorary Members and Juniors 
shall not be entitled to vote nor to be members of the Council. 


ELECTION OF MEMBERS. 


- Arr. 9. Every candidate for admission to the Society, excepting 
eandidates for honorary membership, must be proposed by at least 
three members, or members and associates, to whom he must be 
personally known, and he must be seconded by two others. The 
proposal must be accompanied by a statement in writing by the 
eandidate of the grounds of his application for election, including 
an account of lis professional experience, and an agreement that 
he will conform to the requirements of membership if elected. 

Arr. 10. All such applications and proposals must be received 
and acted upon by the Council at least thirty days before a regu- 
lar meeting, when the Secretary shall at once mail to each mem- 
ber and associate, in the form of a letter ballot. the names of ean- 
didates recommended by the Council for election. 

Arr. 11. Any member or associate entitled to vote may erase 
the name of any candidate, and may, at his option, return to the 
Secretary such ballot enclosed in two envelopes, the inner one to 
be blank and the outer one endorsed by the voter. 

Arr. 12. The rejection of any candidate for admission as mem- 
ber, associate, or junior, by seven voters, shall defeat the elec- 
tion of said candidate. The rejection of any candidate for admis- 
sion as honorary member by /iree voters shall defeat the election 
of said candidate. 

Arr. 13. The said blank envelopes shall be opened by the 
Council at any meeting thereof, and the names of the candidates 
elected shall be announced in the first ensuing meeting of the So- 
ciety, and also in the first ensuing list of members. ‘The names 
of candidates not elected shall neither be announeed nor recorded 
in the proceedings. 

— Arr. 14.—Candidates for admission as honorary members shall 
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not be required to present their claims; those making the nomi- 
nations shall state the grounds therefor, and shall certify that the 
nominee will accept if elected. The method of election in other my 
respects shall be the same as in case of other candidates. 

Arr. 15, All persons elected to the Society, exce pting honorary 
members, must subscribe to the rules and pay to the Treasurer 
the initiation fee before they can receive certificates of member- 
ship. Lf this is not done within six months of notification of elee- 
tion, the election shall be void. 

Ant. 16. The proposers of any rejected candidate may, within 
three months after such rejection, lay before the Council written 
evidence that an error was then made, and if a reconsideration is 
granted, another ballot shall be ordered, at which thirteen nega- 
tive votes shall be re quire «l to defeat the candidate. 

Art. 17. Persons desiring to change the class of their member- 
ship shall be proposed in the same form as described for a new 
applicant. 

FEES AND DUES. 


Ant. 18. The initiation fees of members and associates shall be 
$15, and thei ir annual dues shall be S10, pay: thle in alvanee. The 
initiation fee of juniors shall be S10, and their annual dues $5, 


payable in advance. A junior, being promoted to full membership, 
shall pay an additional initiation fee of 85. Any member or as- 


sociate may become, by the payment of $150 at any one time, a 
life member or associate, and shall not be liable thereafter to 
annual dues. 

Arr. 19. Any member, associate or junior, in arrears may, at 
the diseretion of the Council, be deprived of the receipt of publi- 
cations, or stricken from the list of members, when in arrears for 
one year. Such person may be restored to membership by the 
Council on payment of all arrears, or by re-election after an inter- 
val of three years. 

bas 
OFFICERS. ly 

Arr. 20. The affairs of the Society shall be » mana ied by a Coun- 
cil, consisting of a President, six Vice-Presidents, nine Manage rs, 
and a Treasurer, who shall be elected from among the members 
and associates of the Society at the annual meetings, to hold office 
as follows: 

Arr. 21. The President and the Treasurer for one year; and 
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no person shall be eligible for immediate re-election as President 
who shall have held that office for two consecutive years ; the 
Vice-Presidents for two years, and the Mauagers for three years ; 
and no Vice-President or Manager shall be eligible for immediate 
re-election to the same office at the expiration of the term for 
which he was elected. 

Arr. 22. A Secretary, who shall be a member of the Society, 
shall be appointed for one year by a majority of the members of 
the Council at its first meeting after the annual election, or as soon 
thereafter as the votes of a majority of the members of the Council 
can be secured for a candidate. The Secretary may be removed 
by a vote of twelve members of the Council, at any time atter one 
month’s notice has been given him by a majority of its members 
to show cause why he should not be removed, and he has been 
heard to that effect. The Secretary may take part in any of the 
deliberations of the Council, but shall not have a vote therein. 
His salary shall be fixed for the time he is appointed by a majority 
vote of the Council. 

Arr. 23. At each annual meeting, a President, three Vice-Presi- 
dents, three Managers and a ‘Treasurer shall be elected, and the 
term of office of each shall continue until the end of the meeting 
at which their successors are elected. 

Art. 24. The duties of all officers shall be such as usually per- 
tain to their offices or may be delegated to them by the Council 
or by the Society. The Council may, in its discretion, require 
bonds to be given by the Treasurer. 

Arr. 25. The Council may, by vote of a majority of all its 
members, declare the place of any officer vacant, on his failure for 
one year, from inability or otherwise, to attend the Council meet- 
ings, or to perform the duties of his office. All such vacancies 
and those oceurring by death or resignation shall be filled by the 
appointment of the Council, and any person so appointed shall 
hold office for the remainder of the term for which his predecessor 
was elected or appointed; provided that the said appointment 
shall not render him ineligible at the next annual meeting. 

Art. 26. Five members of the Council shall constitute a quorum ; 
but the Council may appoint an Executive Committee, or business 
may be transacted at a regularly called meeting of the Council, at 
which less than a quorum is present, subject to the approval of 
a majority of the Council, subsequently given in writing to the 
Secretary and recorded by him with the minutes. Absent mem- 
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bers of the Council may vote by proxy upon subjects stated in the 
call for a meeting, said proxy to be deposited with the Secretary. 

Arr. 27. The President on assuming office shall appoint a 
Finance Committee and a Publication Committee and a Library 
Committee of five members each. The appointment of two mem- 
bers of each Committee shall expire at the end of each year. The 
Secretary shall, ex officio, be a member of all three Committees. 

Arr. 28.—The Finance Committee shall have power to order 
ali ordinary or current expenditures, and shall audit all bills there- 
for. No bill shall be paid except upon their audit. When spe- 
cial appropriations are ordered by the Society, they shall not take 
effect until they have been referred to the Council and Finance 
Committee in conference. 

Arr. 29. It shall be the duty of the Publication Committee to 
receive all papers contributed, to decide which shall be published 
in the 7vansactions, and which shall be read in full at the meetings. 

Arr. 30. It shall be the duty of the Library Committee to take 
charge of the collection of all material for the Library of the So- 
ciety, and to supervise all regulations for its use. 


ELECTION OF OFFICERS. 


Ant. 31. At the regular meeting preceding the annual meeting 
a nominating committee of five members, not officers of the Soci- 
ety, shall be appointed, and this committee shall, at least thirty 
days before the annual meeting. send to the Secretary the names 
of nominees for the offices falling vacant under the rules. In ad- 
dition to such regularly appointed committee, any other five mem- 


bers or associates, not in arrears, may constitute an independent 
nominating committee, and may present to the Secretary, at least 
thirty days before the annual meeting, all the names of such can- 
didates as they may select. All the names of such independent 
nominees shall be placed upon the ballot list with nothing to dis- 
tinguish them from the nominees of the regular committee, and 
the Secretary shall at once mail the said list of names to each 
member and associate in the form of a letter ballot, it being un- 
derstood that the assent of the nominees shall have been secured 
in all cases. 

Arr. 32. In the election of Vice-Presidents, each member and 
associate may cast as many votes as there are Vice-Presidents to 
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tribute them among more, as he chooses. Managers shall be _ 
voted for in the same way. 


Arr. 33. Any member or associate entitled to vote may vote by 


retaining or changing the names on said list, leaving names not 
exceeding in number the officers to be elected, and returning the 
list to the Secretary—such ballot inclosed in two envelopes, the 
inner one to be blank and the outer one to be indorsed by the 
voter. No member or associate in arrears since the last annual 
meeting shall be allowed to vote until said arrears shall have been 
paid, 

Arr. 34. The said blank envelopes shall be opened by tellers 
at the annual meeting, and the person who shall have received the 
greatest number of votes for the several offices shall be declared 
elected. 


MEETINGS, 


Art. 35. The annual meeting of tlhe Society shall be held on 
the first Thursday in November of each year, in the City of New 
York, unless otherwise ordered, at which a report of proceedings 
and an abstract of the accounts shall be furnished by the Couneil. 
The Council may change the place of the annual meeting, and 
shall, in that case, give timely notice to members and associates. 

Arr. 36. ther regular meetings of the Society shall be held in 
each year at such time and place as the Council may appoint. At 
least thirty days’ notice of all meetings shall be mailed by the 
Secretary to members, honorary members, associates aud juniors. 

Art. 37. Special meetings may be ealled whenever the council 
may see fit; and the Secretary shall call a special meeting at the 
written request of twenty or more members. The notices for 
special meetings shall state the business to be transacted, and no 
other shall be entertained. 

Arr. 38. Any member, honorary member or associate may 
introduce a stranger to any meeting; but the latter shall not take 
part in the proceedings without the consent of the meeting. 

Art. 39. Every question which shali come before the Society 
shall be decided, unless otherwise provided by these rules, by the 
votes of a majority of the members and associates present, pro- 
vided there is a quorum. 

Art. 40, At any regular meeting of the Society thirteen or more 
members and associates shall constitute a quorum. 

Arr. 41. Unless otherwise ordered, papers shall be read in the 
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order in which their text is received by the Secretary. Before 
any paper appears in the Z7ransuctions of the Socie ty a copy of 
the paper shall be sent to the author. and. so far as possible, a 

‘copy of the report ted discussion shall be sent to every member 
who took part in the same, with requests that attention shall be 
enlled to any errors therein. 

Arr. 42. The Society shall claim no exclusive copyright in 
papers read at its meetings, nor in re ports of discussions, except 
in the matter of official publication the Society's imprint, as 
its Zronsactions. The Secretary shall have sole possession of 

papers between the time of their acceptance by the Publication 


ing the same; and at the time of such reading, or as soon there- 
after as practicable, he shall cause to be printed, with the authors’ 
consent, copies of such papers, “ subject to revision,” with such 
illustrations as are needed for the Zransactions, for distribution 
to the members and for the use of technical ne wspapers, American 
and foreign, which m: Ly desire to reprint them in whole or in part. 
The policy of the Socie ty in this matter shall be to give papers 
read before it the widest cireulation possible, with the view of 
making the work of the Society known, encouraging mechanical 
progress, and extending the professional reputation of its members. 
Art. 43.° The author of each paper read before the Socie ty 
shall be entitled to twelve copies, if printed, for his own use, and 


all members shall have the right to order any number of reprints 


of papers at a cost to cover paper and printing ; provided, that 
said copies are not intended for sale. 
Arr. 44. The Society is not, as a body, responsible for the 
statements of fact or opinion advanced in papers or discussions, 
at its meetings ; and it is understood that papers and discussions 
should not include matters relating to polities or purely to trade. 


AMENDMENTS. 


Art. 45. These rules may be amended, at any annual meeting, 
by a two-thirds vote of the members present ; prov/ded, that writ- 
ten notice of the proposed amendment shall have been given at a 
previous meeting. 
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PROCEEDINGS. 
OF 
re 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
4 
NEW YORK, NOVEMBER 5, 1884. 


Standing Committee ong Regular Meetings.—Wm, Metealf, M. C. Bullock, Jos 
Morgan. Jr, R. H. Soule, Harris Tabor, S. T. Wellman. 

Local Committee for the New York Meeting. —AULAN StTiRLING, Chairman ; F. 
R. Hutton, Ro H. Thurston, Edward Weston, Fred’k M. Wheeler, Wm. H. 
Wiley. 


THE Fifth Annual Meeting of the Society was called to order in 
the hall of the New York Academy of Medicine, No. 12 West 
Thirty-tirst Street, at 8 pat, by President John E. Sweet. My. 
Horatio Allen, honorary member of the society, was present, and 
by invitation oceupied a chair on the platform at the side of the 
President. 

On motion of Mr. Oberlin Smith, the President appointed the 
tellers to count the ballots on the election of officers and the 
ballots on the Revision of the Rules. Messrs. Kent, Hand and 
Lipe were appoln te d such a committee to report at the session on 
the following morning. 

President Sweet then delivered his aunual address, prefacing 
it as follows: 

‘LADIES AND GENTLEMEN, AND FELLOW MEMBERS OF THE AMERI- 
CAN Soctery OF Mecuantcat ENGINEERs : 

“As has before been announced, a resolution of the Couneil 
passed last April requires the presiding officer to deliver an a 
dress at the opening of the annual meeting. 

“ This resolution, had it been presented a year ago, or might it 
have come a year hence, would have received my hearty endorse- 
ment. It will, I believe, in future serve to bring out the best 
work of an over-modest president ; it may serve to limit the less 
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modest chief to an annual address instead of permitting too 
frequent Incubrations, while to-night it may at least serve to 
shadow forth the egotism of the present incumbent. 

“Por reasons which will be prominently apparent, [ have not at- 
tempted to imitate the presidential addresses, of which there have 
been given so many masterly examples by the presidents of both 
the Enelish and the American Societies ; and all [ have to offer as 
a substitute is simply a collection of thoughts bound together not 
by strap or bolt, link or chain, tie or shackle-bar, but noontime 
thoughts bound together as we bound our toys in school-boy days, 
with bits of tangled twine. 

“As the potter molds unpromising clay into beautiful forms, 
as the wood-carver whittles his rude blocks into graceful images, 
and as the smith shapes the ugly iron into useful forms, so the 
thoughts I have to present are but the iren, the wood, and the 
clay which, in other hands, might be shaped into the useful, the 
good and the beautiful.” 

At the close of the President’s address, Prof. Evleston an-— 
nounced an important discovery of the existence in nearly all 
metals and alloys of a “critical temperature ” for each material at | 


stroyed, while the material preserves its usual qualities above and 


which its strength and toughness were either impaired or de- a 


below that point. He promised to make more extended allusion — 
to this matter hereafter. 

At the close of this brief announcement, the Secretary made — t 
‘some references to the programme of the meeting, and a recess 
taken till ten o'clock the next morning. 


_ A-supper was served in the dining-room connected with the — 
hall, and the social reunion was much enjoyed. 


SECOND DAY. 


NOVEMBER 6, 

The morning session was convened at 10 o'clock, in the Hall 
= the Academy of Medicine. The secretary's register included 


the following names of members in attendance : 


Allen, Horatio, Honorary Member... .............Orange, N. J. 
Almond, Thos. R Brooklyn, N. Y. 
Anthony, Gardner C Providence, R. ie 
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Hand, S. Ashton 


wy 
Ms. 


JORGE. 


Mahony, Jas.... 


Sweet, Jno. E., President... 
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Scheree ady, N. Y. 


Philadelphia, Pa. 

.... New York City. 

New York City. 

Philadelphia, Pa 
Syracuse, N. Y. 

New York City 

New York City. 

New York City. 

... Elizabeth, N. J. 

New York City. 
Woreester, Mass 
New York City. 

Milton. Pa, 

New York City. 

Yonkers, N. Y. 


Poitiand, Conn. 


Brooklyn, N. Y. 


New York City. 
Plantsville, Conn. 
Providence, R. I 


Collinsville, Conn, 


Bridgeport, Conn 


Cleveland, Ohio. 
Jersey City, N. J. 
Troy, N.Y. 

New York City. 
Utica, N. 


Lawrence, Mass. 


Schenectady, N. } 
New York City. 
Syracuse, N, Y 
New York City. 
Wilmington, Del 
Susquehanna, Pa 


. Montreal, Canada 
+ 
6 


Brooklyn, } 
Brooklyn, N. Y. 
Reading, Pa. 


Oswego, N. Y. 


Bridgeton, N. J. 
Philadelphia, Pa 
New York City. 
Brooklyn, N. Y. 
New Bedford, Mass. 
New York City. 
College Point, N. ¥ 
Syracuse, N, Y. 


Providence, R. Il. | 
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Thersion, &. Hoboken, N. J 
Trautwein, Alfred P Brooklyn, N. Y. 
Ward, W. E.... ......-Portchester, N. Y 
Waterman, Jno. .... Ithaca, N. Y. 
Webb, J. Burkitt 
Webber, Wm. Oliver Lawrence, Mass. 
Weeks, Geo. : _..Clinton, Mass. 
Wellman, 8S. T Cleveland, Ohio. 
West, Thos. D ..... Cleveland, Ohio. 
Wheeler, F. M.. New York City. 
Wheelock, Jerome Worcester, Mass. 
White, Jos. J ... Philadelphia, Pa. 
White, Maunsel Pa. 
Wichtman, D. A Pittsburgh, Pa. 
Wiley, Wm. I New York City. 
Woodbury, C. J. Boston, Mass. 


Messrs. Andrews, Brown, Griftiths, Halsey, Jacobi, Lewis, Par- 
sons, Philips, Schell and Sibley were present, with others as guests, 
at the sessions. 

The Secretary read the report from the Council to the Society, 
as follows : 


ReporT FROM THE CoUNCIL TO THE SOCIETY. 


Tue Council would report to the Society the steady and normal 
growth of the membership of the Society. After the last annual 
meeting of 1883, the number on the register was 440. The ballot 


lists since that date have added 136 new members (including those 
becoming members at this meeting), and giving a total member- 
ship, deducting losses by death or resiguation, of 576. This may 
be slightly reduced before January Ist® 1885, by failure of a few 
elected members to qualify within the allotted six months from 
date of election. 

The Council has held three meetings for the transaction of 
Society business since the last report in May. Besides the routine 
detail of reports of standing committees and the scrutiny of ap- 
plications for membership, the following subjects have been pre- 
sented before it : 

The special committee appointed to confer with committees of 
sister engineering socicties as to jo:nt invitation and courtesies to 


= = 
Lae 


PROCEEDINGS OF THE 


foreign engineers visiting this country, reported that no eonelu- 
sion has been reached in conference, and no report was to be made 
at that time. 

The Committee on Revision of Rules reported a recommenda- 
tion that the rules as proposed by them should be submitted to 
the voting membership by letter ballot, whieh was so ordered. 

A communication from Mr. J. G. Briges, member of the Society, 
was received, in reference to compiling results of tests of fuels 
for steam purposes. It was directed that his letter be read at the 
annual meeting. 

The matter has been before the Council, of securing legislation 
for a series of tests of fuel to supplement the standards of Prof. 
Johnson, in view of the development since his work was prepared 
of extensive fuel beds for steam purposes. No action has been 
taken, however. 

Communications from the International Inventions Exhibition 
in London, 1885, and from the American Exhibition Committee 
in London, 1886, have been received, and it was directed that 
brief reference be made to both at the annual meeting. 

The question of founding the library for the Society, has been 
presented to the Council and lras received favorable discussion. 
A Library Committee has been appointed, consisting of Messrs 
Towne, Copeland, Hoadley, Hutton and Porter, to take the neces 
sary steps for the establishment of such a library, and it has been — 
recommended that this committee report at this meeting. 

The Couneil would further report that under Rule XTT1., it has — 


counted the ballots cast for members coming up for election at 
this time. There were 304 votes cast, and the followin 
men are declared elected to their respective grades : 


if gentle- 


HONORARY MEMBERS 
Bramwell, Sir Frederic®, F. R. S., Vice-Pres. Inst. C. Past Pres. 
Inst. Mech. Engrs., 5 Great George St. Westminster England, 
Bauschinger, Johann, Prof. App. Mech & Dir. of Techn. Laboratory of 
the Techn, High School, Munich, Germany. 


Grashof, F., Prof. App. Mech. & Mach. Constr. at the Polytechnic 
in Carlsruhe, Germany. 
Herrmann, Gustav, Prof. Mechan Technology, at the Technical High — 
School, Aix-la-Chapelle, Prussia. 
MEMBERS, 
Bailey, Reade W Pittsburgh, Pa. 


East Orange, N. J. 


— 
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Ewart, William D Chicago, Wh | 
Francis, Harry Philadelphia, Pa. 
Grinnell, Frederick Providenee, R. I. 
Hammond, Geo Woo... Boston, Mass. 
Ide, Albert Springfield, Hl. 
Lee, Alex. ¥.... Pittsburvh, Pa, 
Pantalaoni, Giuido .Pittsburyzh, Pa. 
Sharpe, Joel... Salem, O. 

Stiles, Norman Conn, 
Zell, Robert... 


Beaman, Elmer A... 
Ports r, 
Roche, Join A 


Cromwell, J. Toward. ...... ..Cranford, N. J. 
Darlington, Frank .Pittsburgh, Pa. 


PROMOTION TO MEMBEUSHIP, 
DuVillard Henry A., Junior A, S. M. FE... Providence, R. 
Respectfully submitted, 
By THE COUNCIL 


The following report was received from the Treasurer, was read 
gre} 


by the sx cretary, and on motion was ordered on file “ 


Ni W York, Nove mber Dth, ISS4. 
Tote Anerican Novice fy of Mechanical 
GENTLEMEN :—I have t e honor of submitting the Fourth An- 
nual We port of the finances of the S wclety, beginning at November 
Ist, 1885, and ending at this date. 


The receipts and payments in cash during the period named 
have been as follows : 


RECEIPTS. 


Balance on hand Nov. 1st, $203.18 
Life Membership 150.00 
Initiation Fees 2 295.06 
Engraving 27.90 
Paper Sales 230.45 
Scec'ety Badges .. 229.12 
Binding Volumes of Transactions 181.60 
Volumes of Transactions 295.00 


Total $8,769.25 
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Engraving $659.79 
Traveling 101.10 
Expenses 1,147.72. 
Salary woes 2,016.00 
Printing and Stationery ... 8,007.36 


Postage 256 10 
Binding 300.85 


SS,018.22 


Thus leaving a balance in bank and cash on hand, of 8751.03. 

There is in my hands at this time a bill of J.J. Little & Co. 
for printing the transactions of the Pittsburgh mecting of the 
Society in 1884, for $860.38, which has been audited by the Fi-— 
nance Committee, but remains unpaid on account of the want of | 
sufficient funds in the treasury for its payment. 

There is due from the membership of the Society, for the fol- — 
lowing items, the sum of $1,257.80 very small percentage of which | 


was due previous to the last annual meeting : 


Paper Sales and Volumes of Transactions. ... 
Binding Transactions 
Initiation Fees 165.00 
21.48 
.$1,257.80 
The financial condition of the Society is very much improved 
over that of one year since. From an examination of the books 
of the Society, I am of the opinion that the state of its finances is 
better by about 2800 than it was at the date of my list annual 
report. 
Besides paying the expenses incurred during the last eal 
year, from November Ist, 1885, to the present annual meeting 
(with the exception of the unpaid bill of printing previously men- 
tioned), there was paid on Jan. 10th, 1884, a bill for printing the 
transactions of the New York meeting of 1882, and the C.eveland 
meeting of 1883, amounting to $1,259.80, 
Permit me to say that it appears to me, with a prudent and 
economical administration of the funds of the Society, consistent 


with its aims and objects, I see no reason why the Society should 
not be placed financially in a more firm and substantial position 


10 
a 
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year by year; this opinion, however, is based upon the supposi- 


tion that the income shail be that due from the membership, or 
1early so. 
- Respectfully submitted, 

Cras. W. CoPpEL: ND, Ticasurer. 


The Secretary.—1 might perhaps eall the attention of the mem- 
bers in more detail to a point which the Treasurer has referred to 
in his report, and that is, that in this year we have paid for two 
volumes of the Transactions, and have met all the expenses of 
their distribution, which has never happened before. That is one 


reason why the balance does not appear even more in our favor 
than it stands. The bill for Vol. 1. was paid in .’ nuary, and 
this bill of $860 is for the last part of Volume V., which bi-ls have 
both come in the same financial year. Of course, we hope that 
will never happen again. 

The report of the Committee on Library was read by Mr. 
Towne, the chairman, who presented also letters from officers of 


foreign societies and extracts from their rules in connection with 
the report. The report is as follows : 
+ 
REPORT OF THE ComMMITTEE ON Liprary.— 


To the Council of the Aine ican Sor it ty of Ve ‘hanical Bugineers » 


Your Committee, appointed June 25th, 1884, to take steps for 
the foundation of a Library for the Society, has held sessions for 
conference upon the duties allotted to it, and for the consider- 
ation of suggestions which have been offered. Your Committee 
recognizes the difficulties incident to the establishing of a Library 
for a society which is national in its character, in a country of 
such vast extent as ours, and in which there are so many metro- 
politan cities possessing technical libraries available to members 
in their vicinity, and also the special difficulty in establishing a 
library which shall be of value to the Society at large, and not 
merely to those members residing in the vicinity of its location. 
The experience of a sister institution, however (the American 
Society of Civil Engineers), indicates that the membership at 
large of such a society ean and will make use of a library, when 
once established, toan extent which fully justifies its organization. 
Your Committee believing, therefore, in the wisdom of establish- 
ing a library, and in the expediency of inaugurating at once 
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measures looking to the accomplishment of this, begs leave re- 


-spectfully to report as follows : 
1. That in establishing a permanent fund for Library purposes, 


~and also in providing for the eurrent expenses of the Library, no 


— 


THE 


~ dependence upon the ordinary income and funds of the Society 
should be expected or desired, but that, on the contrary, provision: 
the establishment and maintenance of the Library should be 


2. That contributions to the Library Fund should be solicited 
from the entire membership of the Society, in any of the three 
following forms : 

(a). Special subscriptions to the Permanent Fund, in amounts 
of $10 and upwards, payable in installments if preferred. 

(b). Annual subscriptions of $2, payable at the same time as 
the annual dues. The amounts thus received to be applied, 
one-half to current expenses of the Library, and the other half 
added to the Permanent Fund until the latter has attained a 
total of $10,000, after which one-fifth of all annual subscrip- 
tions to be addcd to the fund and four-fifths to be applied to 
current use. 

(c). Direct contributions of books and papers relating to 
Mechanical Engineering. 

Acknowledgments of all contributions to be made by the 
publication of an annual report to the members containing a 
list of donors to the Library, showing opposite each name the 
contributions made during the year, 

3. The contents of the Library to be available for use by the 
entire membership of the Society. Valuable and rare books, and 
those of which there is but one copy in the Library, to be avail- 
able for consultation in the place where kept, but not to be taken 
therefrom. One or more duplicate copies of standard books to 
be provided, so far as the funds available may permit, and these 
duplicate copies to be utilized for cireulation among the member- 
ship by mail or express. 

Rules for the governance of the Library to be made by the 
Council, and to provide for the circulation of duplicate copies, as 
above suggested, under such provisions as may be found ex- 
pedient. The care of the Library forthe present to be committed 


to the cler’< or assistant now employed by the Secretary, under 
direction of the latter. 


4. Accommodation for the Library to be provided in whatever 


~~ 
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rooms the Society may oceupy. In this connection, however, 
your Committee beg respectfuily to call attention to the great de- 
sirability, for the advancement of the general interests of the 
Society, and especially for the adequate accommodation of the 
Library which it is hoped to create, of inaugurating early meas- 
ures for the creation of a fund with which to provide a permanent 
building for the general uses of the Society. 

5. That an appeal should be made by proper circular for con- 
tributions to the Library Fund from the entire membership, and 
that to aid in this a brief reference thereto should be incorporated 
in the annual bills for dues, and a space be provided thereon for 
the insertion of such amounts as the members may be willing to 
contribute for this purpose, so that the collection of subse: iptions 
may be facilitated by incorporating them with the other payments 
to the Society. 

6. That a speeial appeal be made for donations of books, 
charts, diagrams, and copies of professional reports from mem- 
bers and from publishers, and that the expenses of transportation 
On all such donations as nay be accepted shall be defrayed out of 
the Library Fund. In this connection it may be stated that the 
list of exchanges on file in the office of the Society has already 
been enlarged, and can doubtless be still further advantageously 
extended Whenever proper provision for the accommodation of the 
Library shall have been made. The present accommodations are 
already crowded to a point of discomfort, and with the material 
even now accumulating cannot much longer be made available. 

7. Finally, your Committee begs respectfully to advise that the 
above reco mime ndations, if approved by the Society 9 should he re- 
ferred to the Council with direction and authority to give effect 
thereto in such manner as may to it seem best, and at as early a 
day as may be practicable. e 
Henry R. Towne, 

J. C. Hoan rey, | 
Cuas. W. |} Committee. 
F. R. Ivrron, | 

Cuas. 'T. Porrer, 

On motion, the report was accepted and referred to the 
Council. 


The report of the Committee on Test Commission was read by 


Professor Egleston as follows : 


Your committee beg respectfully to report that during the last 


| 

) 
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year they have been actively engaged in endeavoring to get the 
bill for the United States Testing Commission passed by Congress. 
It was introduced in the first week of the session, and was referred 
to the Committee on Manufactures, which reported favorably upon 
it. Your committee sent out circulars to a large number of persons 
who were interested in the matter throughout the United States, 
urging them to write to their members of Congress asking them 
to favor the passage of the bill. Almost every letter received was 
in favor of its passage, and many of the Congressmen wrote to 
the committee expressing a willingness to work for it when it was 
once introduced. By some of the political methods of Congress, 
the bill failed to get a hearing and consequently was not voted 
upon. Your committee have every reason to believe that could 
the bill get a hearing it would pass without opposition. Notwith- 
standing the failures, we do not feel disconraged, and think it very 
desirable that either the committee should be continued or a new 
one appointed who, perhaps, know more about the ways of Con- 
gress than your present committee does. ai, =F 
T. EGLEstoN 
C. J. H. Wooppvry, 
OBERLIN SMITH. 

On motion of Mr. Towne, the report was accepted and the 
committee continued, 

Mr. Kent presented the report of the tellers, as follows: 

The tellers appointed to count the ballots for officers, and on the 
Revision of Rules, would report that they have performed that 
duty, and having agreed in their count, have to report as follows : 


J. F. Holloway.. 8 
Scattering... 
VICE-PRESIDENTS. 
Wm. L. Chureh 
Wm. Hewitt 312 
Wm. H. Wiley 


| 
Whole number of votes cast for 
PRESIDENT. 
j 
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In the ballots on Revision of the Rules of the Society, the 
whole number of votes cast was 259. 


Blank 


The ballots include the votes of more than two-thirds of the 
members present, as provided in Art. 43 of the old rules, and 
therefore the Revised Rules are adopted. 

S. Asuron Hann, 
C.E. Liver, Tellers. 
Wa. KENT, \ 

At the close of the report of the tellers— 

The President.—One thing is apparen , that while they ean not 
tell outside who js eleeted President of the Uni ed States,* we 
know for a certainty who is poesident of this Society. Allow me 
to adl, that while T shall feel much pleasure in resigning the 
chairmanship to my sueceessor, it will not be with anything like 
the pleasure with which IT congratulate him on the honor of the 
office, which IT believe to be the greatest honor that American 
mechanics ean confer upon one of their number. T hope we shall 
be able to hear a few words from Mr. Holloway. 

Mr. HMoway—There have been so many people running for 
President this vear, male and female, and none of them as yet 
know whether they are eleeted or beaten, that Iam hardly will- 
ing to feel that Iam elected. Ido not know but that there may 
be some back distriet coming in yet which may upset the returns. 
T have felt that perhops, under the circumstances, IT might be 
called on to say something, and if you will allow me, I have a 
little extempore speech here which I will read. T would remind 
vou that, if by any circumstance T should have enough votes not 
to be ecunted out, that the trouble will begin, so far as you are 
concerned, at the next meeting. I do not preside at this one. In 
speaking of presidents and elections, I trust vou will also remem- 
ber that anything T say at this time is entirely unofficial. 

Mr. Holloway then delivered a humorous speech, which was 
received with laughter and applause. 

The Seeretary read communications from officers of the London 
Inventions Exhibition of 1885, and from those of a somewhat 
similar exhibition to be held in London, 1886, whose prospectuses 


were to be found at the rooms during the sessions. The com- 


* The Presidential election of 1°84 had just taken place. 
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munication from Mr. J. G. Briggs on fuels for steam purposes was b 
read. 
New business being in order, Prof. Egleston presented the mat-— 
ter of appointing a committee of the Society on Uniform Stan-— 
dards in Methods of Testing Materiais and of Test Specimens. 
Prot. Eyleston —At the Cincinnati meeting of the Mining Engi-— 
neers, a remarkable paper was read upon testing. As one of the 
results of that paper, the Institute appointed a committee on uni- 
pen methods of testing and test-pieces. At the first meeting of 
this committee, it was resolved that this work should be made an 
international one, and T was instructed to see what could be done in — 
Europe. I immediately commenced to correspond with the 
different engineering societies of the Continent and England, and 
having occasion to go to Europe, | came personally in contact 
with the officers of these societies. The Germans, with their 
usual readiness, took up the matter at once, appointed their com- 
penn e, and on the 23d, 24 bh and 2°>th of September, at Munich, 
they held a session at which very important results were achieved. 
The English and the French people have assented, unofficially, 
and I am expecting every day to hear of the appointment of their 
committees. IT have news from nearly all the different countries 
of Europe, with the exception of Russia to which I have not 
— written, that their committees will be appointed. As the matter 
. an American one, I shall be very sorry to have this society left 
out in so important a matter. I beg, therefore, to offer a resolu- 
_ tion that this Society appoint a committee to consider this 
~ question of test and test-pieces, to form a part of the international 
committee, all of whose members will probably be iy) pointe «lina 
very short time. And as it will not be convenient that this com- 


mittee be appointed at once, I wish to add to the resolution that 
it be ap pointed by the Council, as may be convenient, within a 
_ month or SIX weeks. 

The motion was seconded. 

Mr. Kent.—Before any motion is put, | would like te ask Pro- 
fessor Egleston if he would tell us what societies in this country 
have already appointed committees, and if he can tell us 
‘as near as possible the names of the members; also if those — 
committees are representatives of different professions or arts in— 
this country. I think if committees are appointed, they should 
include representatives from iron and steel manufactories 
bridge builders. 


| 
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Prof. Eyleston.—The only committees appointed so far have 
been appointed by the Institute of Mining Engineers. I com- 

municated at once with all the engineering societies whose official 
titles I could get in this country, but none of them so far have 
acted, except that T have an unofficial communication from the 
4 Council of this society ; and unless some extra effort is made, the 
only societies that will be represented will be the Mining En- 
gineers and this society, if this society takes action. 

Mr. Wolff.—1 should like to state that I read a report of the Mu- 
nich Conference in the Centralblatt der Banverwaltung October 8th, 
1884. There were at the general meeting seventy-three representa- 
; tives from Germany, and I think some from other countries. As 

LT understood it, this conference determined upon the main essen- 
. tials, and left it to a committee of their own to decide definitely 
: as to the methods of testing. ‘There was no mention at all of any 

International action, but the committee, acting on the reeommenda- 
tions of the conference, was itself to decide finally and conclusively 
on the methods of testing. 

Prof. Egleston.—The meeting, as I understood it, was called 
by the action of the Secretary of the Society of Civil Engineers of 

’ Great Britain. I have his letters to me, which were official, and 
{ I was also invited as a member to attend the conference at Munich, 
3 but I have not had time to read over their discussions. There 

_ were six or eight letters passed between us while I was in Europe. 

Mr. hent.—1 think there may be some grave objections to havy- 
. ing this question settled by an international committee. If a 
] committee should be composed of Americans and Englishmen, I 

should say it would be all right, because we all use the same ma- 
7 terials and have the same measures. But the Germans, and oth- 
~ ers on the continent of Europe, would wish us to express all our 
results of tests of material in metric dimensions, which would be 
a great objection to American and English engineers. I should 
think, therefore, that any committee which should be appointed 
would have to be representative of American industries, so as not 
to be led away by French or German metric system men. 

Prof. Hyleston.—Mr. Kent's objection is very much like ob- 
jecting to a good principle because it is expressed in the German 
or French language. 

Mr. Towne.—This matter seems to me of so much importance 
that I hope the resolution will be adopted ; and I beg to differ 
from Mr. Kent in regard to the danger that we encounter in meet- 


ing our German or French friends. It is quite possible that no 
a 
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basis of agreement could be arrived at by which the work done in 
our country and England could be made comparable with that 
done in those countries; but certainly it is worth the effort to 
harmonize the work that is being done in this most important di- 
rection, so that it shall be all available to all workers in metals. 
All of us who have to deal with these questions recognize our 
great need‘of better and more accurate knowledge of the behavior — 
of materials, and we can all see that a great many people in a 
great many different places, under many conditions, are seeking — 
the truth in this direction. If their work could only be reduced — 
tosome recognized standard, by which all that is being done in | 
this country should be made available to all of us, certainly our 
information would grow more rapidly than otherwise ; and while, 
as I said, it may be impossible to harmonize the work done under 
different standards of measurement, certainly it is worth the effort 
to accomplish that, and it is my judgment that the thing should 
be done. L hope the resolution will be adopted. 

President Sweet—My own impression is that to have the tests, — 
from different nations, of special value, it is important that the ; 
~ test pieces should be of the same length. It seems to me unim- 
portant whether we call the test piece 200 millimeters or 8 inches. 
The question being put, was carried, the President subse- 

— quently to appoint such a committee. 

After the conclusion of this business, arose 

Mr. Oberlin Smith —If it is in order, I want to say something 
about a subject which this Society and all engineers are vitally in- 

terested in, and that is, the condition of affairs in the United 
States Patent Office. I donot know that we as a society have 
anything to do with it, unless we can influence Congress in some 
way to pass some one of the bills that have been brought before 
it for the relief of the Patent Office. It is perfectly obvious to us 
all that it is necessary to do something if the engineering work 
of the country is to go on as it ought to. It is a work which is 
dependent in many cases upon the Patent Office. We have only 
to look over the history of mechanies and inventions in this 
century to know how they have been fostered by patents. None 
of us doubt their value. I do not know whether all the members 
of this Society know fully how badly things are in Washington in 
that respect. The fact is now that the business of the office is 
from three to twelve months behind. In the department of metal- 
work tools, in which machine tools and such things come, it is 
about eight months behind. So if any of us now hit upon a new 
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invention, we know we shall have to wait eight months before it 
ean be reached, and then perhaps the claims may be returned 
and the thing have to be gone all over again. 'The Patent Office 
building is very much crowded with other departments of the 
government, as you know. Out of a thousand government em- 
ployees in that building, only about 470 belong to the Patent 
Office. The other five hundred odd are employed by the Depart- 
ment of the Interior in its other business. It is called the Patent 
Office, but it is mainly used for other work of the government. 
The fact is that the employees are not nearly numerous enough. 
There are probably not more than half as many examiners as there 
ought to be to do the work rightly. We can remember when a 
patent could be put through within a month. There is no reason 
in the nature of the case why it could not be put through ina 
week or two. The work is very much behind, but it is put on file, 
and comes on in its order. The special rule they had of taking 
up some cases out of their proper order gave so much dissatis- 
faction that the Commissioner ordered cases to be taken strictly 
in their turn. I have in my hand a speech of Senator Platt, of 
Connecticut, made last Mareh, before the Senate, which covers 
the ground very thoroughly. A committee of Congress went to 
the Patent Office, and were satisfied that it ought to be over- 
hauled; that the other people ought to be cleared out and the 
building given to the Patent Office alone ; that the foree ought to 
be increased and the salaries ought to be increased. There is no 


question about there being money to do it with, for the Patent 
Ollice has over $3,000,000 to its credit in the treasury, which it is 
not allowed to use in any way. The only reason that the thing 


has not been put through is beeause Congress did not choose to 
attend to it. I have a scheme of my own, but I do not know 
whether I shall live to carry it out. It is that we have two 
Congresses in this country-—one to attend to politics and one to 
attend to business. The only other way I know of is to kill all 
the present Congressmen and put members of the engineering 
societies in their places. There can undoubtedly be pressure 
brought to bear on Congressmen this winter at the coming 
session, if petitions are sent in. Whether this Society can 
appoint a committee which will make it its business to communi- 
cate to Congress the wishes of the Society, or whether that com- 
mittee had better see that petitions from engineering people and 
manufacturers all over the country are sent in to Congress, I do 


| 
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not know. Ido not know what is the best form to put itin. TO 4 
think that a society like this, which is represented all over the 
country by people engaged in all sorts of work so closely allied to 
the patent system, can do something, and perhaps without much 
expense. There is no doubt that there will be some bills intro- 
duced, for many Congressmen are interested in the matter, and 
the Patent Oflice people themselves are interested. The thing 
will come up undoubtedly at this session of Congress, but there 
needs to be some influence brought to bear from outside. I will 
read a short extract showing how much behind the different 
classes were last March. In the department of chemistry, eleven 
weeks; in textiles, seven months; in dairy, fences, tobacco, ete., 
five months; in hydraulics and pneumatics four and a half 
months ; in harvesters, eight and a half months ; in fine arts, ete., 
four months; in paper manufacture, seven and a half months; 
in civil engineering, three and a half months; in household furni- 
ture, five months; electricity, three months; metal works, three 
and a half months. But it is worse now than it was then. Now 
the metal-work department is eight months behind, while last 
March it was three and a half months only. Besides, there not 
being half enough examiners, and not half enough room in the 
building, the examiners do not receive the pay they ought to. I 
believe they receive $2,500 a year, which is a ridiculous salary 
for men of the accomplishments necessary for the place. An ex- 
aminer ought to be a man of the best ability, and I should think 
he ought to have at least double that salary. I would move, 
therefore, Mr. President, that this Society appoint a committee to — 
consider whether anything can be done in urging forward the re- 
form of the Patent Office. 

Prof. Hutton.—In rising to second that motion, I would suggest 
that the Society’s office is a sort of head-quarters for the interchange 


of the sentiments of members, and it has had running through 
it a perpetual stream of complaint about the condition of the Pa- 
tent Office. Particularly is this the case in the matter of elec- 


trical inventions. It has been urged upon me by several gentle- 
men, who said they would not be able to be present at the meeting, 
that, should this question come up, I should try to say what I 
could toward bringing about some action for remedying this 
state of affairs at Washington. 

Mr. Edson.—\t appears from the temper of the last Congress 
that we had better first look sharply to the continued maintenance 
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of the Patent Office. It required considerable effort here very re- 
cently for us to meet the encroachments that were being made on our 
patent laws just as they now are; and it does not seem to be 
exactly the time for us to complain of the Patent Office. The 
result might be to make it considerably worse. There is a strong 
tendency outside, in the lobby, which controls Congress to a very 
large extent sometimes, to change the patent laws. We must not 
lose an opportunity of doing what we can to sustain the patent 
laws in their present form, and then to bring them into as much 
better form and practice as we can, The question is how to give 
the inventor the quickest protection to which he is entit’ed ; and 
it would seem that the committee would be unwise to have that 
the sole idea in their minds of remedying evils. We may have to 
admit that there are evils; but nevertheless it is the fact that we have 
plenty of money at our disposal to remedy those evils of delay in 
the Way of increased force, increased salaries, increased roolin, and 
increased library facilities, too. But we want /irsf to take care 
that we hold on to all that we have. There is one other point 
which, perhaps, will have to be looked into in the consideration of 
the subject which the gentleman has just referred to: that is 
possibly the personnel of the examiners. In doubling, as has been 
suggested, the compensation of these examiners, we should like to 
double their capacity. If we can say anything about their integ- 
rity, we should like to quadruple that, perhaps; and then we would 
like to have the impression created that they are there and will 
remain there. We do not want them to be there a short time 
and then go out and issue ecards as patent solicitors, in which 


business they can make a much larger income than they can as 
ex:uniners in the Patent Office. First look to the maintenance of 
what we have ; then better the state of affairs if possible. Other- 
wise, “ bear the ills we have, rather than to fly to those we know 
not of.” 


Mr. Towne.—I appreciate the importance of the subject that 
has been introduced; but I think it is rather too vast a one to 
attempt to get through with this morning. I would like to ask, 
What is the form of the resolution that has been offered ? 

Mr. Oberlin Smith. Merely the appointment of a committee by 
this Society, to consider whether we can do anything to forward 
the proposed reform in the Patent Office. Perhaps it will consist 
only in sending a memorial to Congress, but it might consist in 
getting petitions from mechanical people all over the country. 
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Mr. Towne.—I quite agree with Mr. Smith in the propriety of — 
the Society taking some action on this important subject. The | 
need of reform in the Patent Office is erying. The fact that the | 
Patent Office is threatened is no reason why we should not act on : 
the other side. The flagraney of the present condition of things | 
there can be summed up in just this one brief statement : The 
Pate nt Office was organized on the basis of a recognition of the 
rights of ownership in the work of a man’s brain, and on the sup- — 
position that, by giving him the exclusive right to use that work 
for a limited length of time, the proper compensation would be 
assured to him and justice be done to the public. The fees which | 
were exacted from inventors were not regarded as a tribute of any- 
kind, nor as a payment for the privilege conferred, but simply as_ 
a means of meeting the necessary expenses of the office. Those 
fees have been paid on that supposition by inventors, and $3,000,-_ 
000 have already been taken from them in that way in excess of - 
what has been given in return in the shape of work. That £8,000,-. 


000 has been diverted from its proper purpose and placed in the- 


miscellaneous funds of the government. It does not belong there, 
It belongs to the inventors of the country, and should be restored | a 
to them by being used to increase the efficiency the Patent — 
Office. 

In seconding Mr. Smith’s motion I would offer this as an_ 
amendment: That this subject be referred to the Council, with an’ 
expression of opinion from the Society, at this meeting, that it is 
expedient and proper that the Society should take some action of 
this kind, and should in some official manner convey to Congress 
an expression of the opinion of the Society that a reform of this 
kind is needed in the Patent Office, whereby its work may be ac- 


eelerated, so that the delay now suffered by inventors shall be 

reduced or done away with; and that in referring this to the Coun- 

cil, it be accompanied by the request that it may have early con- 

sideration, and that whatever action the council takes be trans- 

mitted to Congress early in the session. 

Mr. Oberlin Smith.—1 accept the amendment of Mr. Towne 

provided the Council will attend to it before December, when 

Congress meets. I would just say in regard to what Mr. Edson 

says, that I do not agree with him at all about not stirring up 
this matter, because Congress threatened last winter to abolish 
the Patent Office altogether. I think they were partly led to that — 
feeling because the office was such a puny, shabby thing. If 
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these petitions come in from the Societies and the country, show- 
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ing the interest that is taken in it, it will show how linportant 
an institution it is considered to be. 

Mr. Partridge.—1 want to make a suggestion to the committee 

—to whomsoever has the matter in hand—that if we are going to 
stir this pool, asmy friend on my left suggests, we had better use a 
very short stick. TI have had reason, in the past, to go below the 
surface, and it was certainly, to say the least, unsavory. The de- 
lays and the inconveniences are the smallest portion of the fault 
which, as inventors, this Society would have to find with the Pa- 
tent Office. 

Mr. Hdson.—I wish to offer an explanation in regard to what I 
touched upon. IT did not wish to belittle the foree of the resolu- 
tion as proposed, LT suggested as an amendment that we embody 
in the resolution the idea of protecting, and that the committee 
be instructed to protect what we have, as well aus to remedy eXist- 
ing evils in the Patent Office as far as we can. 

My. Oberlin Sinith—1 aceept that amendment. It certainly is 
appropriate that this Society. or its committee, should urge upon 
Congress the mainfenunce of the patent system as well as its 7e- 
formation, There might be something put in the memorial in 
regard to last winter’s work deprecating any future action of that 
kind. 

Mr. Kiteh. Will not the action proposed be very ineffectual ? 
The average Congressman is influenced by motives which affeet 
the people, especially the lower classes, who have a very small 
appreciation of the needs of inventors; and the consequence is 


that this class is strongly inclined to encroach upon property 


rights, such as are represented in the value of patents. Now I 
think that, of course, all measures ought to be taken for the imme- 
diate remedying of the trouble in the Patent Office ; but it seems 
to me that the best measure for this Society to adopt is to do 
what we can to insure the establishment of civil service reform, 
and then we can bring its influence to bear upon men who can 
appreciate that influence, and place examiners in a position to 
examine the examiners of the Patent Office. 

Mr, Oberlin Smith—I attempted to bring this same matter be- 
fore the American Institute of Mining Engineers at their recent 
meeting in Philadelphia, but found that their constitution forbade 
any action of the kind; that their only function is to read their pa- 
pers and print their transactions. I have not been at one of the 
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meetings of the American Society of Civil Engineers recently, and 
I do not know whether they would act in conjunction with us or 
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not. J had intended offering a resolution at the last meeting, had 
I been present. It would be very desirable if some of our mem- 
bers here who can attend the meetings of the Civil Engineers, 
would bring the thing up and see if they would act. 

Mr. Le Van. — 1 might suggest that if we are going to 
amend the Patent Office, we ought also to amend the Supreme 
Court. 

The President.—My own opinion is that this resolution would 
put it off pretty late. There is not likely to be another meeting 
of the Council until nearly December, with the exception of a 
short meeting at the adjournment of the present Council and the 
organization of the new. 

Mr. Le Van—Why not make a special committee ? 

The President Vf it is thought by the members that this 
matter ought to reeeive some attention, it would seem to me that 
if this Society could furnish the Commissioner of Patents with 
our opinion with regard to it, that might be as likely to do as | 
much good as the attempt to deal with Congressmen, with whom 
al of us are pretty well disgusted, T suppose. 

Mr. Nent.—1 suggest that this question be left over till to- 
morrow, ind meanwhile that this committee draw a resolution, 
and have that transmitted to Congress; and also that a special 
committee be appointed, of those members who are most deeply 
interested in the question, and, in addition to memorializing Con- 
gress, let them send a circular to their respective Representatives 
in Congress. 

Prof. Egleston.--Whiat is needed in this matter is to increase 
the average intelligence of the ordinary Congressmen. 

Mr. Towne.-In view of the statement of the President that 
there will be no meeting of the Council until December, I beg to 
withdraw my amendment to Mr. Smith’s motion, and to let it 
stand as originally offered, that a committee be appointed by the 
Society. 

Mr. Davis.—It seems to me that Congressmen are most influ- 
enced by what will be acceptable to a large number of their con- 
stituents. I should think it would have probably more effect if the 
matter was put in a sort of popular form and circulars sent round, 


subscribed to by a large number of persons, and in that way lead 
Congressmen to suppose that their constituents were interested in— 
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the matter; while they would not care at all for the good-will of 
a few scientific men. 

Prof. Kyleston.—About four years ago T was chairman of a 
committee to have something done by Congress in the interest of 
the Metrologiceal Society. We were extremely anxious to have 
some measures carried out, and with a great deal of trouble I got 
a petition with four thousand signatures, embracing the faculties 
of nearly all the colleges and technical institutions of the United 
States. In this instance IT did not keep a copy, and T expressed 
the hope to the chairman of the committee that, as this document 
was extremely valuable as autographie matter, if in no other way, 

that it should be preserved. They paid no attention to the mat- 
ter atall, and I afterward discovered that it went into the waste- 
paper basket. The next time Isent a copy of the signatures, and 


. kept the autographs myself. 


The motion was carried, that the committee be appointed by 
the chair, and at a later session it was announced as consisting of 
Messrs. Towne, Egleston, Edson, Babeock, and Oberlin Smith. 


There being no other new business presented, Mr. Kent, chair- 
man of the committee of the Society, to prepare a report embody- 
ing standard rules for conducting boiler tests, read by abstract 

the report, the code of rules and the appendices of the members 
of the committee. The report being so elaborate, it had been de- 
cided not to attempt to discuss it, but to send a copy to every 
~ member before the next meeting, and to have it presented for 
discussion as the first business of the spring meeting. 

The first paper on the docket was then read: * The Experi- 
mental Steel Works at Wyandotte, Mich.,” by Mr. W. PF. Durfee, 

of Bridgeport, Conn. This paper and that by Mr. R. W. Hunt, 
of Troy. N. Y., on * The Original Bessemer Steel Plant at Troy,” 

were discussed together by Messrs. Holloway, Stirling and 
Barnes. 


After some announcements by the Secretary as to details of the 


meeting, a recess Was taken till two o’cloek. 
AFTERNOON SESSION. Sage 


2 P.M. 
The Society being called to order, the paper by Mr. Wm. Ilewitt 
of Trenton, N. J., was read by the Secretary in the absence of 
the author, and Messrs. Davis, Sweet and Hutton took part in 
discussion. 
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Mr. A. C. Hobbs, of Bridgeport, Conn., illustrated his discus- 
sion of Locks and their Failings by elaborate wall diagrams in 
colors, and Messrs. Towne, Emery and Oberlin Smith followed in 
discussion. 

The paper by Mr. F. A. Scheffler, of Erie, Pa., on “A New Method 
of Constructing a Horizontal Tubular Boiler,’ was read in ab- 
stract by the Secretary and was discussed by Messrs. Stirling, 
Collins, C. E. Emery, Stratton, Kent, Webb, Wellman, Partridge, 
Davis, Oberlin Smith, Porter, Barnes, Le Van and Sweet. 

The next paper was by Mr. Thos. D. West, of Cleveland, Ohio, 
on “Sound Castings.” It was illustrated by two cast balls which 
had been drilled and broken to show the fracture, and Messrs. 
Barnes, Randolph, Stetson, Stratton, Durfee, Barr, Webber and 
H. F. J. Porter took part in the discussion. Mr, Stratton referred 
to the observations of the recent gun-foundry board, as reported 
in the Proceedings of the United States Naval Institute, and 
urged upon the members to interest themselves in the work of the 
Institute. 


At the close of the session opportunity was given to Mr. Cope 


Whitehouse to present, briefly, his views upon the topography of 


the plain in which the Egyptian pyramids are found, as affecting 
the theories of their construction. His remarks were illustrated 
by maps aud sketches. 

After announcement by the Secretary of details of the exeur- 
sion planned on the following day, the meeting adjourned to eight 


o'clock on the following evening. J 


Fray Eventna. 


The coneluding session was called to order at 8 P. M. 

Mr. Ff. A. Halsey, of New York, presented a paper on “ A New 
Rock Drill,” which elicited no discussion. 

A paper by Mr. C. J. H. Woodbury, of Boston, Mass., entitled 
“ Measurements of Friction,” and one by Prof. R. H. Thurston, of 
Hoboken, N. J., on “ The Sliding Friction of Rotation,” were read 
by abstract and discussed together, by Messrs. Thurston, Towne, 
Schulimann, Holloway, Kent and Emery ; and Dr. Arvine, chemist 
of the Standard Oil Company, who was present, took part also by 
invitation. At the close of the discussion, Mr. E. F.C. Davis, of 
Pottsville, Pa., exhibited by request a number of photographic lan- 
tern-slides of mine interiors, taken by Mr. Geo. M. Bretz of Potts- 
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ville, with the electric light. The views showed the exterior of the 
‘Bees colliery, the arrangement of the 9” « 12” engine and the 
-five-light Arnoux dynamo in the gangway and various aspects of 
a large coal chamber in the Mammoth Vein of the Indian Ridge 
colliery. The time of exposure was thirty minutes, with 7’’ dia- 
phragm for a negative 8’ x 10,” in some cases, and in others: 
ninety minutes. These views were taken originally to supple-- 
“ment a collection of exhibits gathered for the Smithsonian Insti- 
tute to present at the New Orleans Exposition. 
At the close of Mr. Davis’ remarks, Mr. Towne, on behalf of the 
Committee on Memorial in reference to the United States Patent 
Office, presented the following report : 


Resolved, That in furtherance of the views of the Society on the important sub-. 
ject of protection by patents, as expressed in the discussion thereon during the- 
present session, the President be and is hereby requested to enibody said views 

in a memorial to Congress, to be prepared by him and such other members, if- 
any, as he may rejuest to co-operate with him therein, which memorial shall be 
duly forwarded to Congress on or before the date of its assembling next month He 
that said memorial shall recite briefly the importance of the interests involved, 

the fact that the patent system is based upon a recognition of the richts of the 
wo to the fiuits of his work; that the fees of the Patent Office were in- 
tended merely to cover the cost of conducting the same; that already some _ 

$3,000,000 have been collected from inventors in excess of such cost, and that by 


a reason of the diversion of this large sum from its legitimate purpose the work of 
r 


the Patent Office, by reason of the resulting inadequacy of its c’erical foree, is— 
i has long been greatly in arrears, and, finally, as an inevitable cons: quence, 

inventors are subjected to unreasonable, and in many cases disastrous, delays in 
Lt obtaining the protection to which they are justly entitled, and for which they are. 

charged ; and that said memorial shall be so presented as, if possible, to secure — 
} for it favorable and early consideration, 


Further, that, to the same end, the President shall cause to be prepared a suit 7 
able form of petition, embodying substantially the same arguments, and chal 
cause a copy thereof to be forwarded to every member of the Society with the 
request that, if approved, each member will sign the same, and will procure 
other signatures thereto, and will thereupon promptly transmit the same to his 
Member of Congress or Senator, with his personal request that the measures ad- 
vocated in the memorial may have his support and advocacy. 

R. Towne, 

Jarvis B, Epson, > Committee, 


OBERLIN SMITH, 


The resolution proposed was duly seconded and adopted. 
Mr. Theodore Bergner, of Philadelphia, Pa., read a paper on 
Recent Improvements in Drawing Boards, illustrating his remarks 
by exhibiting the capacities of a board upon the platform. He 
prefaced his remarks as follows: 
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“A great and distinguished man of the last century, Gaspar 
Lavater, who died in Zurich on the 2d of January, 1801, is now 
almost forgotten. Some only remember him as a theorist who 
judged the weight of a man’s brain by the length of his nose. He 
was an acute observer, and many, perhaps, who have forgotten the 
man, are familiar with sentences of pregnant and deep meaning 
recorded by him with epigrammatic brevity. 

“ He left one saying about three sorts of men—those who only see 
the whole, those who see but the parts, and that numerically small 
class, who see and comprehend the whole in its parts and the 
parts in the whole. 

“Convinced that you, gentlemen, here assembled belong in a 
body to that third class, the quick observers, I greatly fear that my 
attempt at a treatise on so simple a subject as the drawing board — 
is apt to be estimated, will weary you. 

“ Tlowever, having committed myself to the attempt, IT will try to 
contribute something useful to your information.” 

Messrs. Oberlin Smith and Towne also spoke. 

Owing to the lateness of the hour, the paper by Prof. Thurston, 
of Hoboken, N. J., on Steam Boilers as Magazines of Explosive 
Energy, the two tabular papers by Mr. Wm. Kent, of New York, 
on Tables for Facilitating Calculations in Boiler Tests, and Table 
for Calculating Sizes of Chimneys, together with the concluding 
paper in the series by Prof. J. M. Ordway, of Boston, Mass., on 
Experiments on Non-Conducting Coverings for Steam Pipes, were 
read by title only. After the list of papers had been completed, 
arose 

Mr. C. Emery.—t Nave a resolution to present. 


7 Resolved, That the thanks of this Society be tendered to its outgoing Treasurer, 
Mr. Charles W. Copeland, for the faithful and efficient manner in which he has 
performed the duties of his office, and the care which he has exereised to place 
the Society on a sound financial basis. 


The President.— You hear the resolution ; and I think if you all 
had had occasion to realize the importance of Mr. Copeland’s ser- 


vices as some of us have, you would pass the resolution with a 
4 od round of applause. 


The resolution was carried, with acclamation. 


Mr. Partridge.—1 have a series of resolutions to offer— 


Resolved, That the American Scciety of Mechanical Engineers, thoroughly 
aj preciating the efforts made in its behalf with a view of making the occasion of 
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the Fifth Annnal Convention pleasant and profitable to its members, hereby ten- 
ders its hearty thanks,— 


To Mr. Sam. Sloan, Pres., Andrew Reasoner, Supt., and F. 8. Griffiths, Asst. 
Sat. D. L. & W. R. R., for the favor of a special train to and from Paterson. 

To Mr. John $8. Cooke, the Cooke and the Rogers Locomotive Works, the Passaic 
Rolling Mill, and the various silk mills of Paterson, for attention when in that 
city 


To the New York Academy of Medicine, for its courtesy in allowing this So- 
ciety the use of the comfortable and admirably arranged rcoms in which our 
meetipgs have been held. 

To Chas. Wager Hull, Esq., Superintendent of the American Institute Fair, to 
whose thoughtful kindness the Society was indebted foran invitation to visit the 
fair now in progress, 

To the Faculty of the Stevens Institute of Technology for their visit to that | 
institution, and the courtesies extended during that visit. 

Last, but by no means least, we tender our thanks to the Local Committee for | 
the manner in which the details of the meetings and excursions have been ar- _ 
ranged and carried out, which have contributed so much to the pleasure and profit 
of our meeting. 


These resolutions were put and carried unanimously. 

The Secretary made brief allusion of thanks to the authors of 
papers for this meeting, by whose co-operation it had been possi- 
ble to have all but two of the fourteen papers in print in advance 
for circulation among the members at the meeting, with all the. 
advantages which flow from this plan. 
Prof. Thurston.—I have a resolution here, Mr, President, which — 


T will read— 


Resolved, Vhat the thanks of the American Society of Mechanical Engineers | 
are due and are hereby tendered to our retiring President, John E. Sweet, for the — 
efficient and satisfactory manner in which the duties of his office have been 
perenne during his term of office. 


~ The President will refuse to put that I know, for if there is any 
one personal excellence which is offensively prominent in his case, . 
it is his modesty, and I will venture to put the question for him. — i 


Mr. Holloway.*—Ilt is so good an opportunity for me to do some- 
thing in the way of presiding, that I do not want to have Pro-  _ 
fessor Thurston take it away from me. The Society may permit 
me to anticipate the functions of my office, and I trust Prof. Thur- | 
ston will, in putting this motion. I am very glad indeed that the 
first official act of mine will be one in which you will heartily con 
cur. Those in favor of the motion will say aye. 

The motion was carried, with enthusiasm. © 


* President-elect. 


The President.—In accepting with thanks, I can but say that if 
I have succeeded in satisfying you in any way, only part of the 
credit is due to me. It is mostly due to the able assistance which 


IT have been able to command. 
The meeting then adjourned. 


BNCURSION DAYS. 


THurspay Eventna, Nov. 67TH. 
Fripay, Noy. 71TH. 


THURSDAY evening was spent by alarge number of the members 


in attendance at the fair of the American Institute, in session in 
the city. Passes had been supplied by the courtesy of tle Super- 
intendent of the fair, and were largely used. 

Friday was spent in a visit to Paterson, N. J. A special train, 
on the Delaware, Lackawanna and Western R. R., had been 
tendered by the courtesy of Mr. Samuel Sloan, President of the 
road, and by the politeness of Mr. John S$. Cooke, of the Cooke 
Locomotive and Machine Works, the privilege of visiting several 
points of interest was accorded to the Society. 

The Passaie Rolling Mill, the Rogers and Cooke Locomotive 
Works and the silk industries, were all visited by the party, and 
after lunch had been served at the train, the party returned to 
Hoboken and visited the Stevens Institute of Technology, whose 
laboratories and workshops had been thrown open for the en- 
tertainment of its guests, by the courtesy of the trustees and 
faculty of the Institute. The day was much enjoyed by all. 
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PRESIDENT?S ADDRESS, 1854, 
BY JOUN E. SWEET, SYRACUSE, N. Y. 


Tr is generally thought by mechanics as well as by others that an 
essay or paper or lecture on purely mechanical subjects cannot 
be made of interest to a general audience. While I do not pro- 
pose to prove by argument or to demonstrate by display that this 
is not true, nevertheless I do not believe it to be true. 

Is it probable that Wendell Phillips, who could hold his audi- 
ence spell-bound an hour and a half reciting scraps of history re- 
lating to the lost arts, could not have found enough of general 
interest in the world of live mechanical wonders to entertain peo- 
ple one brief half-hour? Is it possible that those who spend 
days and weeks at our exhibitions reviewing the wonders, ninety 


per cent. of which are purely the result of machine work and 


mechanical processes, cannot be interested in a vivid description 
_ of the inventors and their inventions, the machines, the processes, . 

and the skill of their operators? If so, then the fault lies with — 
them, or the failure is with the speaker, and I believe the fault is. 
not with the people. 

Ruskin, speaking to his Edinburgh audience on the subject of. 
architecture, said: “ You can and ought to be interested in the— 
subject of architecture. You all have to live in and use buildings | 
and have more or less to do with their construction.” While 
- Ruskin was looking at the matter, usually in an artistic sense, he 
“never overlooked nor failed to enforce the principle and the im- 


—— of sound mechanical instruction, 


The reason why the citizens of Edinburgh should be interested - 
‘in architecture holds good for all of us, and the same reasons hold - 
good why all ought to be interested in mechanics. 

Can any One have an interest in mankind and civilization and 
overlook a class comprising one-fourth of the entire population 
of the United States and over one-third of Great Britain? Or 
ean we go on advancing civilization without giving a thought to 
the agencies that have contributed so much toward making modern 
civilization possible? Modern science has mainly or almost wholly 
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grown up within the last century. Science began to flourish when 
it could show its use, and it has flourished in proportion to its 
usefulness. No one questions a scientist at the present day as to 
the use of this or that discovery or fact but finds him ready with 
his useful answer. 

It has been the proving of the value of science that lias made 
it possible for purely scientific lectures to command as fair audi- 
ences as those on any other subject. Now, blot out of science all 
that is mechanical, and what would remain? Nothing but mathe- 
matics and medicine and fragments of undemonstrated theory. 
The success of modern chemistry turns upon the perfect balance. 
It may be argued that the chemist often makes his own balance. 
True, but when he does he ceases to be a chemist, and becomes a 
mechanic, 

The modern physical laboratory is a perfect museum of me- 
chanical wonders. Though the philosopher believes and may 
prove mathematically that certain things are and must be true, 
he does not ask the student to believe it until he has given visible 
demonstrations, and this is done very largely through the agency 
of mechanical contrivances. It is true he makes these things or 
the most of them himself, but they are none the less mechanical 
because of their being made by a philosopher. 


While mathematics and medicine are exceptions, surgery is — 
half mechanical, and astronomy is built up and turns upon the 
perfection of the astronomical instruments ; and the perfection of ; 
the instruments comes by the painstaking, sharp-sighted, delicate — 
touch of the patient workman. It is not probable that many men q 
in Asaph Hall's place would have discovered the moons of Mars 
—still, possibly, a dozen would—-while half the number put in 
Alvan Clark’s place could not have made the instrument by which 
they were discovered. And yet Asaph Hall has received medals 
of honor from learned societies, while Alvan Clark will not have 
his brow decked with a laurel wreath long enough before his 
death to have the laurels wilt before he fades himself. Science 
has flourished because of the good it has done: it has been 
popularized by showing its good to the world; while mechanics 
has never been popularized, and for its importance in the civiliza- 


tion of the world it has had few champions. It may not be fit- 
ting for us to draw comparisons between science and mechanics, 
but let us erect a balance—not a mechanical structure, but a 
purely ideal one. Place in one pan all the science and scientists 
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_of all time, and in the other pan, not all of mechanics and mechan- 
ical achievements but simply the steam-engine, the locomotive, 


and the steamboat. Then say to the world, of these things you. 
can have one but not the other. Which would it take? Who can 
tell ?—not you, not I. | 
If it is presuming to draw comparisons between science and 
mechanics, what will it be to make reference to history and litera- 
ture and art in the same connection ? This I will not do, but Iwill 
venture to invite you to picture to yourselves a pendulum-rod of 
immense length, carrying at its lower end a cross-beam propor- 
tionately long and forming a great inverted T. At each end of 
the beam conceive a mammoth platform, and at the center an’ 
index and its graduated scale. — All are infinitely strong, and in-- 
finitely light, and almost infinite in size. The pendulum is hung 
high in the heavens, and is set back three or four hundred years 
in time, and so far away in the background that you can take in 
the whole picture at a single glance. Now fancy placed upon one 
of these platforms all the ancient history and literature and art ; 
and all the historians and scholars and artists; all the facts and 
fables, truths and falsehoods—superstitions, dogmas and creeds— 
all of these that existed three or four hundred years ago. The 
ponderousness of the mass would swing our great pendulum far 
out from the perpendicular. So far, in fact, that the center of our 
great intellectual weight should appear to be under the point of 
support. 
Look at the index; it reads ninety-eight, ninety-nine and a 
half. Why not one hundred? Is it because of anything on the 
other platform? It has been thrown so high that we ean hardly 
see it—but look again. There are two men working a rude screw- 
press machine. They are making what look like snow-flakes, one, 
two, three, four a minute. Some of these snow-flakes drift down 
among the wise men on the other platform, and a wave of wonder 
ruffles the surface of the throng. The men and manuscripts on 
the edge of the great platform go tumbling off. After a moment 
note again the index which has gone down to ninety. Why so 
great a change? Look again at the upper platform, there are now 
dozens of machines and scores of men turning out forty snow- 
flakes each instead of four. The machines do not seem to be 
making the snow-flakes, the men are making them, and the ma- 
chines are putting on some color. 


They no longer come floating down, but must be brought down 
3 
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in bulk as burdens are borne in the arms of men and on the backs 
of beasts. They are gray instead of white, and are red as they fall 
into the hands of the people. Tumult follows wonder. Men and 
superstitions and manuscripts and works of art go tumbling off. 
When we note the index again it is down to seventy-five, and on 
the upper platform, that is now in plain sight, we see large 
factories making the snowflakes not in little pieces but in long 
continuous bands. The coloring machines are no longer worked 
by hand running back and forth, but go whizzing round and 
round, propelled by steam, while the snowflakes go streaming off 
like the snow banners from the crests of the Sierras. 


As the snowflakes of the mountains drift down over the sandy 
plains, so those from the machines drift out to the people. As 
there is a flake for every grain of sand, so there is a paper for 


every person. As the damp snow soaks and swells the ground, 
so do the papers as they are absorbed expand the ideas and acts 
of the people, bringing life out of stagnation, turning thought into 
action. As the heat of the glistening sun melts and changes thie 
moisture of the snowflakes into steam, every atom becoming self- 
repellent, seeking more room ‘and swelling a thousand times, so 
too, the inert man aroused to action becomes self-repellent and 
seeks more room. The active crowd off the inactive. Scores of 
men, creeds, false ideas and dogmas, unsound philosophy, bad laws 
and tyrants all go tumbling off. 

And as we look again the index has gone down to thirty. A net- 
work of wire is hung over the heads of the people. Their thoughts 
and their acts are gathered and conveyed across the feeble strand 
to the machine on the other side, and they are then stamped 
upon the next group of outgoing snowflakes. The thoughts of the 
few are known to the many, and the acts of the many are known 
to all. New life has been given to old industries, and new indus- 
tries have been created. Our printing machines no longer deal in 
single flakes but take the paper from the mills in rolls of a ton’s 
weight and send it through in single and double streams. Note 
the index ; it is down to zero. 

We have upon one platform what there is left of Ancient His- 
tory and Literature and Art—the body and the soul of the past. 
Upon the other platform stand the paper-mill, the printing press 
and the telegraph—the life-blood of to-day. Let us set our pict- 
ure in the dim distance where time may east as brilliant a halo 
around the heads of those who made the one as that which now 


shines around the heads of those who study and love the | nes 
and may the time soon come when we will have a seer among us 
who can sift the mechanism out of this and hold it up to view be- 
fore the picture fades away. 
James Freeman Clark in one of his papers uses as an argument 
against the Darwinian theory, the fact that man is the only tool- 
making animal. A fair investigation of the subject will convince 
most men that the world is indebted to the tool-makers for more 
than a mere furnishing of an argument against the Darwinian 
theory. If the world—the literary world at least—-were called 
‘upon to select the greatest man of modern times, Shakespeare | 
would no doubt have a fair majority. If all the works of Shakes- 
_peare were blotted out of existence, the world would meet with an_ 
parable loss, or had he never lived, a great fountain of knowl- 

e dge and amusement would have been left dry. Still the world 
would have gone on and civilization and religion and industries — i 
would have advanced about the same as they have advanced. . 

But suppose the hammer and the other tools working upon the ; 
‘same principle had never been invented, or were to-day to be 
blotted out of existence, what would be the result? The thought, 
if carried along for a singles ten minutes, becomes appalling. A 

time as short as one-tenth of the length of our world’s mastery 
would bring us back to living in mud hovels with nothing to eat 
but roots and herbs and nuts. Thus we have on the one hand 
‘the greatest of men, whom the world could have gotten along with- 
out, and on the other the simplest of tools, without which the world 
would be a desolate waste. The greatest of men and the least of 
tools may seem an absurd comparison, surely, though we may not. ‘ 
all agree upon the direction from which the absurdity approaches. 

I think I know the temper of an audience the most of whom 
have spent their lives in study, as who have had it taught i - 
them and who in turn teach others the idea that there ow 7 
nothing like education. The thought has long since come. 

‘into your minds that he is comparing work with thought— 
-hand-work with brain-work, and material with ideal, and does not 
‘comprehend the difference. Let us see. Whatis a book but the 
embodiment of thought or a train of thoughts? And what is a 
~ loom but the embodiment of a thought or a train of thoughts ? 
‘The construction of the loom by the pattern-makers and the 
- founder and the forger and the fitter,is what many choose to term 
mechanical. So, too, is the writing and the printing and the 
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binding of the book mechanical. The cost of the machine, like 
the cost of the book, depends upon the material and the labor put 
upon it. The merit of the machine, like the merit of the book, 
turns upon the genius of its author. The value of the machine, 
as well as the value of the book, should be gauged by its influence 
for good and the amount it contributes toward the comfort and 
happiness of mankind. If this is the true measure of value, then 
what is there in the world of science, and the wonders of art, or 
the wisdom of letters that can more than stand side by side with 
any one of a dozen of our leading inventions? 

The edueated portion of the world look upon a book not merely 
as so much paper and printing and binding, but as the thoughtful 
work of the author, while the same class almost universally look 
upon a machine as so much wood and iron, running their minds 
forward to what it does, and how much it will save, and what the 
patent is worth, rather than backward to the brain-work of its 
author. 

How few or how many have the remotest conception of the 
amount of thought expended on the steam engine alone? More 
than one hundred years has this thinking been going on among 
from fifty to one hundred of those noble hard-fisted think- 
ers in the days of James Watt down to the not less than ten 
thousand hard- and soft-fisted thinkers of to-day. And the thought 
expended upon the mechanism of the printing industry has not 
been much less than that given to the steam engine. In the almost 
fruitless attempt to invent a type-setting machine, the brain- 
work invested, which has found a tomb in the scrap-heap, would 
make quite a hill by the side of that spent on the mountain of 
books which have found a sepulchre in oblivion. 

To many of you the idea may have oceurred that there is a 
deal of difference in the kind of thought or brain-work done by the 
mechanic and that done by the literary man or author—the kind 
of difference that exists between the mechanical and the artistic. 
In many respects this is the reverse of true. Among all designers 
of industrial art, the designers of machinery must of necessity be 
the greatest artists, because they are dealing with a thing of life, 
and they are limited by the most severe restrictions. Painters, 
modelers and authors are limited only by their own genius. The 
architect is more limited, but he can add a panel, or a niche, or a 
false window here and there to balance his design. But the best 
mechanical engineer denies himself the right to add the least thing 
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- not essential to the necessities of the machine ; nor will he even ad-- 
mit embellishment in color,and notwithstanding these restrictions: 
some of the recent designs of machinery by our best designers are. 
as perfect works of art as anything done in industrial art in the 
country at the present time. Devoid of poetic sentiment, it may 
_ be true, but it is not art with the poetry left out. It is art with 
the poetry suppressed. Every good designer is an artist in spirit 


and one of the most successful machine-designers in this country 


is one of the best art connoisseurs, and possesses, I believe, a finer: 
collection of art-work than any other private citizen residing in 
the same city. 

In the final reeord of mechanical work there is no fear of any — 
slight to the man who spirals the railway up the side of a mount-. 
ain and pierces the hardest of rock a dozen of miles and tunnels 
down on the other side like a cireular stairway. There is no fear 
of slight to the name of those who span the Hudson with the 
mightiest bridge yet completed, or have in hand the great work 
which is to step from land to rock and rock to land by two 1,700 
feet arches. There will be no lack of due honor to the leading 
men who shorten the time from land to land and city to city ; 
who enable us to communicate across the continent in two hours ; 
who change the darkness into light and enable us to converse fifty 
miles away as well as if but fifty feet. 

There is no doubt but fair credit will be given to all our steam, 
naval, and metallurgical engineers; but there are two or more 
classes of our inventors who are likely never to meet with their 
just rewards. One, a very small class whose inventions fail from 
causes that the wisest of men could not foresee, as an example 
that recently came to my knowledge will best illustrate. All of 
us have realized the loss and waste of power in stopping and 
starting street cars. The most of us have heard of some man get- 
ting up a device by which the lost energy in stopping was to be 
stored and given out in starting, and the device was about to be 
tried, and that was the end of it. No one conversant with the 

mechanical achievements of our people can doubt the possibility 
— of solving the mechanical part of the problem, and the conclusion 

is probably that the task has been too much for the man or the 
gain did not pay the cost. 

Both these conclusions are wide of the mark. The thing has 
been done—the contrivance simple, the weight not excessive, and 
the operation as simple as operating the common brake—in fact 
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a perfect mechanical success, and yet condemned and thrown 
aside in less than a week—for the simple reason that the better it 
worked the more rapidly it made horses balky. The horses in 
this case seem to exhibit the same degree of intelligence as shown 
by the railroad brakemen who rebel against the introduction of 
safety appliances to ecar-couplers, on the plea that “any one can 
couple cars with them things.” Such cases of unfruitful inven- 
tions, although not numerous, are not uncommon, and in this case 
I hope for the inventor finding his reward. The same wasted en- 
ergy goes on in the cable and electric railways, the same device is 
applicable, and unless the different systems form themselves into 
an amalgamated association and the lightning goes off on a strike, 
the invention may yet find its field of usefulness. 

A second class of inventors, and a very large class, who are 
not likely ever to receive due credit for the real good they have 
done, includes the inventors of agricultural machinery. Their 
work alone has doubled the comforts of the eivilized world. Oth- 
ers have helped classes; they have helped all. With them diffi- 
culties have been overcome by surviving defeat, and the victory 


has been won in every case by facing the most adverse cireum- 
stances. A knowledge of the laws of friction gave but little aid 
to the man who found out how to keep the knives of a mowing 
machine from clogging up. And a knowledge of the strength of 
material failed to give security when the test strain was the pullit 
power of a runaway team arrested by the roots of a tree. 

Gauging the value of the thing on the demoeratic principle of 
the greatest good to the greatest number, the inventors of agri- 
cultural machinery will have few rivals. This statement may be 
questioned, but in my judgment it wilk be only by those who have 
as little knowledge of the difficulties of the problems and the mag- 
nitude of the work, or of the simplicity and extent of the results, 
as they imagine the rural engineer to possess of the more pre- 
tentious works of the men who claim to be their superiors. 

There is another class of men who are never likely to have their 
merits justly appreciated. Treferto the great army of lieutenants 
—the chief draughtsman of the professional engineer—the secre- 
tary of the society, the professor's associate, the manufacturer's 
superintendent, the second engineer in the navy, the iron-master’s 
assistant, the inventor’s model-maker, the machine-shop foreman 
the man we always turn to when we get in close quarters, the 
man who helps us out when we cannot find the way out our- 
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selves. How readily the mind of the superior absorbs the thoughts 
and hints of his assistant, and imagines them to have been his 
own! 

What I have said thus far has been by way of reference to some 
interesting features in the direction of the value of thought, and 
now I wish to say a final word in regard to the execution and 
handicraft without which the most ingenious and valuable inven- 
tion and the most persevering of mechanical thought would be 
valueless. Do we not pay thousands every year to see and admire 
those whose life has been spent in acquiring skill in a single di- 
rection, while we pass the skillful workman, whose works are 
equally marvelous, with but a passing thought? May the time 
~ come when we shall have a museum in which there shall be gath- 
ered the finest specimens of workmanship with the masterpieces 
of our great engineers; where the works of the men and the 
growth of industries shall be represented. May the time come 


when more of the mechanical branches of our educational insti- 
tutes shall find their true position, and where the students shall 
be instructed by example of noble work rather than by the toy 


models abounding in confusing complication, which they cannot 
understand and which are constructed regardless of proportion and 
meaningless in design, and are pernicious in every sense of the 
term. 

Let us hope that if the high tide of human progress is sweeping 
on toward a more useful education, that the day may not be far 
away when he who knows what to do and how to do it, will be 
regarded as the equal of him who only knows what has been done 
and who did it. | 
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AN ACCOUNT OF THE EXPERIMENTAL STEEL WORKS 
AT WYANDOTTE, MICHIGAN. 


BY W. F. DURFEE, BRIDGEPORT, CONN. 


Ix the month of June, 1862, the writer of this paper was invited 
by the late Captain E. B. Ward, of Detroit, to design and superin- | 
tend the construction and working of the machinery and apparatus | 


necessary to test, by an experiment on a large scale, the merits of 


a process for the production of steel invented by William Kelley, 
of Eddyville, Kentucky. 

At the time of which I speak the late Z. S. Durfee, who was as- 
sociated with Captain Ward in the new enterprise, had been for 


some months in England, endeavoring to purchase certain United 
States patents that had been secured by Mr. (now Sir) Henry Bes-— 


semer for a process essentially the same as that of Mr. Kelley, 


and for a time it was believed that he would be suecessful in so 


doing. I mention this at the outset of my paper, as it explains the 
adoption of certain forms of apparatus, invented by Bessemer, in 


the Wyandotte experimental works. In discussing with Captain 


Ward the general scheme for the proposed experiment, it was de- 


termined to build an engine of sufficient power and blowing ca- 


pacity for use in an establishment for producing steel on a commer- 


cial scale, should the results in the experimental works justify such — 


an enterprise, and a similar conclusion was arrived at with respect — 


to the size and general character of the converting vessel. As to the | 


rest of the apparatus, it was decided to design it without reference 


to any possibility of its use in another work, but as cheaply and as 


simply as it could be made for the purposes of the experiment 


only; and it was further determined to erect the experimental 
plant adjacent to, and partly in, the buildings of the Eureka Fur- 
nace at Wyandotte, some ten miles below Detroit, on the Detroit 
River, where Captain Ward had extensive rolling mills. It was 
also determined that the metal for the experiment should be taken 
direct from the blast furnace, and that the spiegeleisen should be 

melted in crucibles. 
As soon as this general scheme of procedure was fixed upon, I 
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entered upon the work of preparing plans for carrying it into exe- 
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-eution, and just here difficulties began to be encountered, I had 


proposed, and the description of that used by Mr. Kelley at his. 
abandoned works in Kentucky satisfied me that it was not suited 
for an experiment on so large a scale as was contemplated at Wy- 
andotte. I had no plans furnished me from abroad, and very lit- 
tle had been published of the details of the new process as con- 
ducted in Europe, and I very much doubt if, at the date of which 
Tspeak (June to July, 1862), any citizen of the United States, 
the late Durfee (then in England), had ever seen 
inside of a works where steel was made by the apparatus invented 
by Bessemer, However, I possessed myself of all the information 
obtainable, and as it was confidently expected that Mr. Z. 8S. Dur- 

fee would be successful in his efforts to purchase the American 


patents issued to Bessemer for various forms of apparatus for the 


production of steel by the pneumatic method, it was thought only 
to be anticipating the acquisition of property rights in the prem- 
_ises to use such of his inventions as seemed suited to the purposes 
in view, 

— Taecordingly procured copies of Bessemer’s patents relating to 
the matter in hand, which, together with the descriptive account 
contained in the first edition of “ Fairbairn’s History of the Manu- 
4 facture of Iron,” embraced all the information then accessible to 
me, relative to the European practice of the new art. 

Having therefore very little knowledge of an exact character as 
to what had been done by others, but a very clear idea of the ra- 
—tionale of the new process, supplemented by an absolute faith in 
the great future before it, I proceeded to evolve from my own in- 

ternal sense of the fitness of things, apparatus and methods suited 
to the general idea and environment of the proposed experimental 
works. 

Difficult as this task was, it was made almost insupportably bur- 
_densome by the pronounced antagonism and outspoken opposition 
of nearly every influential person in Wyandotte. Among these was 

an individual holding a responsible position, who seemed to be pos- 
sessed of a mental capacity suited only to the appreciation of ideas 
prevalent at the beginning of the sixteenth century, for he believed 
that the world was flat. “ For,” said he, “if it was round, Detroit 
River would be running up hill, which it couldn’t do, ye know.” 
When questioned as to the structure of the moon, this worthy re- 
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plied that “ he s’posed it was a sort of a reflector, like ;” and on be- 
ing asked what held this reflector up, he answered, with a great 
many profound shakings of the head, that “that is the thing 
of it.” 

I had been but a short time in Wyandotte before I came to know 
that I was regarded as little better than a mild sort of lunatic, or 
as a confirmed idiot, who might be tolerated but not for a moment 
encouraged, still less assisted.* 

Notwithstanding the delays and annoyances caused by the multi- 
tudes of antagonisms encountered on every hand, the work pro- 
gressed, so that on the return of ZS. Durfee from England in Sep- 
tember, 1862, I was enabled to show him the converter in a nearly 
complete state, and was very much pleased to hear him say that it 
In the 
winter of 1862-8 the construction of the blowing engine was com- 


“looked very like converters that he had seen abroad 


menced, but owing to various interruptions occasioned by the war, 
strikes, and the fact that part of my time was occupied in supervis- 
ing work at Chicago, the engine was not completed until the spring 
of 1864. This engine embraced several novel ideas, which I trust 
will be found of interest even now. 

Having thus sketched the commencement and early history of 
the works, I will now ask your attention to their general arrange- 
ment, and also to some of their details. 

The plant was located in the old buildings belonging to the Eu- 
reka blast furnace, some small additions being made thereto in 
which to place the blowing engine and: converter. 

I never fully understood just why the blast furnace aforesaid was 
called Eureka; the only theory at all satisfying to my mind being, 
that some expert in blast furnace history, looking foran example of 
ancient practice that embodied the most faults in design, construc- 
tion and management, and being satisfied when he found this plant 
that further search was useless, had suggested the word as a most 
appropriate name for a furnace that more than satisfied his ardent 
desires for the discovery of the most archaic of metallurgical struct- 
ures, 

The plan (Fig. 3) shows the general features of the arrangement 
adopted, save that over the center of the casting-pit was a single- 


* Indeed, the great Herr Unkunde Unheilschwanger, then the leader of meta!- 
lurgical thought and practice in the vicinity, formulated the popular belief by 
openly declaring that ‘‘ if that d d Yankee expected to blow cold air through 
melted iron and not have it chill up, he must be a d——d fool.” , 
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track traveling hoist for handling the ingots and moulds. This 
hoist was operated by a winch located at W. It was adopted 
not as the best, but as the only available expedient for the purpose, — 


In my original programme of procedure, but was erected in the | 
summer of 1864, for reasons that will be given in another place. 

It will be observed that there is an elliptical well, or more prop- | 
erly a reservoir, located beneath the rear platform of the reverbera- 
tory furnace, 


A pipe conveyed water to this reservoir, and care 
Was always taken (except in the following described instance) to 
have it filled with water before the commencement of 


a blow. 
~—6 The purpose of the well was to receive any steel that might re- 
main fluid in the casting ladle, in case its tap-hole should chill. 
If the well was full of water it was a perfectly safe operation to” 
turn two or three tons of fluid steel into it, thus cooling it ine 
small shots and more or Jess irregular masses of manageable size, 
which could be utilized in various ways; whereas, had the metal. 
chilled solid in the casting ladle, the result would have been a mass. 
of such dimensions as was practically valueless at the time in that 
locality. 


With this well is associated a comedy, which came un- 
pleasantly near being a tragedy. After several conversions had 

been made in the works, I was called to Chicago, and left Wyan- 
_dotte with the intention of being absent about a fortnight. Having 
ho expectation that the works would be operated until my return, 

I left my assistant for the time being charged with the supervision: 
of certain repairs, among which was the relining of the converter, — 
an event which occurred at unprofitably frequent intervals. The- 
first knowledge that TI received that my assistant had got into’ 
trouble at Wyandotte, was conveyed in a letter from Capt. Ward, 
~which read as follows: 


_ Dear Str—I wish you would come immediately to Wyandotte and look after 
that man X—— of yours. He will kill somebody by-and-by. 


(Signed) Yours, truly, 
E. D. Warp. 

I returned at once to Wyandotte, and ascertained that my assist- 
ant, at the request of Capt. Ward, had attempted to run the works 
for the benefit of a large excursion party that he had brought 
down from Detroit on one of his steamers. 


With this party were 


e. 
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the late Senators Wade, of Ohio, and Chandler, of Michigan, to- 
gether with sundry judyes, bankers and merchants of repute. 

I learned that my assistant had treated the captain’s distin-_ 
guished guests in rather an unceremonious manner, for having | 
been unfortunate enough to have the tap hole of the casting ladle 
chill after successfully teeming two ingots, he ordered the ladle 
emptied into the well, which he had neglected to till with water; 
and the result of turning two tons of fluid steel upon about a 


J 
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barrel of water which chanced to be in the well, was a terrible ex- 
plosion, the metal flying in all directions. Senator Chandler was 
prostrated at full length in the pig-bed ; Senator Wade was pro- 
jected upon a pile of sand in a corner of the casting-house ; others 
of the party were more or less burned, and otherwise injured, 
while Capt. Ward himself was blown bodily through the open 
doors of the building into the yard upon a pile of pig iron, Fora 
time everything was confusion, but it was soon ascertained that by 
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great good fortune no one of the visitors was seriously hurt, and 
they all returned to Detroit thoroughly of the opinion that they 
did not care to see steel made by the “ new process” again. 
Returning from this digression and continuing the description of 
the works, Fig. 4 is a view of the machinery as it appeared to a 
person standing in the pulpit (Fig. 3), and looking toward the 
converter, V. This converter, the first in which steel was ever made 
in America, is also represented ona larger scale in elevation and 


Upper end of Tuyere 


Section of Tuyere on line A.B. 


Lower end of Tuvere 
Fig.7¢ scace 


vertical section by Figs. Ta and 74,in which it will be seen that 
the upper part of the converter is composed of two separable sec- 
tions, that its trunnions are supported by tall cast-iron standards 
and that it is turned by means of worm wheel gearing. This was 
so arranged that it could be driven either by hand or power. 

I have been told that this converter was the first ever constructed 
with a cast-iron trunnion hoop. 

The converter was provided with seven tuyeres, each having 
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seven holes five-sixteenths of an inch in diameter; these tuyeres are 


shown in detail in Fig. Te. In Fig. 4 is shown the traveling crane 
which supplied the converter with metal taken direct from the blast 
furnace. The peculiar construction of this crane was forced upon 
me by the nature of the surroundings, the limited space allotted me 
in the casting-house, and the uecessity for rapid work when work 
was required of the crane. The sustaining elements of the crane 
were two parallel cast-iron girders, each of which was supported by 
two posts. On one end of these girders was placed the converter 
stack, and on that part of the girders not thus occupied traveled a 
carriage having two teansverse shafts on which were placed chain 
drums for hoisting. One extremity of each of the transverse shafts 
was provided with a worm gear engaging with a worm which was 
free to slide upon a shaft that extended along the outer side of each 
girder, said shaft giving motion to the worm by means of a groove 
that engaged a feather on the interior of the worm, thus allowing 
it to slide along the shaft and revolve with it at the same time. On 
either end of the worms before named was a brass collar, C, C 
(Fig. 6), beyond which was a rubber spring 8, following which came 
two brass collars, the last of which abutted against the boxes in the 
hangers Il, I, which finally received the thrust due to the load sus- 
pended from the crane. The purpose of the springs SS was to 
avoid shock when starting the load from a state of rest. Fig. 6 
shows the general detail of the traveling carriage of the crane, 
an half section of one of whose hoisting drums is shown in Fig. 6%. 
_-. Onthe transverse shaft near- 
ca. est the converter were placed 
iB two chain drums, which were 
7 provided with hook-ended 

J chains of equal length, one of 
Ror which is seen at C (Fig. 4). 


1 The other transverse shaft- 


Seale - 


U Fig. 6s was furnished with a sin 


chain drum, which oceupied a 
position midway between those on the first transverse shaft; this 
drum was furnished with a single hook-ended chain, seen in Fig. 4 
at O. 

The traveling carriage was drawn in either direction along the 
girders by a pair of pitch chains, one of which is shown at P (Fig. 
4). These passed over rag wheels, R, on transverse shafts which 
turned in bearings at the end of the girders. 
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Section of CONVERTER HOUSE of Steel Works at Wyandotte, Michigan. W.F.Durfee, Engineer, 1863. 
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The whole of the mechanism of the crane was actuated by three 
small quick working rotary engines, one of which is seen at E (Fig. 
4). Each of these engines was capable of prompt reversal by means 
of a rocking shaft, on whose end was a weighted lever, connected by 


a smati wire cord, R(Fig. 5), to one of the latch levers of the pulpit. — 


There was a fourth engine of the same description employed for 
turning the converter, which was controlled by a lever at the pulpit, 


as was also the valve which regulated the admission of blast to the 
same. 

The lifting of the fluid cast iron delivered by a runner from the 
blast furnace into the hoisting Jadle H (Fig. 4) placed upon the 
platform of the scales A, and the pouring of it into the converter, 
was accomplished as follows: 

The carriage of the crane was run to the left-hand end of the 
girders on which it was placed, and the hooks on the double chain 
© were attached to the trunnions of the hoisting ladle, and the hook 
on the single chain was connected w.th the eye seen (in Fig. +) on 
the left-hand side of its bottom. The converter having been turned 
into a proper position to receive the metal, the hoisting gear was 
put in action and the ladle H (Fig. 4) with its contents was raised 
and carried to the right until the end of its spout was over the 
mouth of the converter. The raising of the ladle was then stopped, 
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and it was turned upon its trunnions by continuing the hoisting on 
the chain O, until all the metal which it coutained had been dis- 
charged into the converter. 

From the standpoint of present practice the adoption of rotary 
engines for the various purposes named is doubtless open to criti- 
cism, but I will ask you to remember that at the time of which I 
write the best European practice with the converter was three 
“blows ” inten hours, and that if we did as well as that (we had 
no expectation of doing better) in our experimental works, the total 
time per day during which these engines would be called into ac- 
tion would not exceed three-quarters of an hour; thus the question 
of the economical employment of steam for the purposes of doing 
the work required of the rotary was of minor importance as compared 
with those of first cost and compactness of the apparatus employed, 

The blast furnace was run by a contractor who was naturally and 
properly solicitous that no part of the irom made should be un- 


accounted for:—hence one of the reasons for weighing the iron 


before it went to the converter. But as simple a matter as this 
was, it did not escape the criticism of Terr Unkunde Unheil- 
schwanger, who insisted that, because iron expanded when heated, 
“there must be more weight in a hundred pounds of melted iron, 
than in a hundred pounds of ordinary pig metal.” 

In the summer of 1864, before the first conversion was made, it 
was decided that, as we would be called upon to experiment with a 
variety of brands of pig metal, sent us by parties interested in the 
This 


was accordingly done, and a hearth was made near the base of its 


works, it was expedient to build a reverberatory furnace. 


stack for the melting of spiegel ; and subsequently a small furnace 
(located at 


metal for conversion was taken direct from the blast 


, Fig. 38) was constructed for melting spiegel when the 
In 


consequence of the erection of these furnaces, my original idea of 


furnace. 


melting the spiegel in pots was not even attempted. * 
In the early part of the year 1864, the late Z. S. Durfee wrote 
me from England (whither he had returned in the fall of 1863 with 


a view of concluding the negotiations with Bessemer, and also of 


* In connection with this matter of melting pig metal for the purpose of conver- 
sion, I will here state that it was at the Wyandotte experimental works in the 
summer of 1865, that the late Z. 8. Durfee made the first attempt to melt pig 
metal in a cupola for use in the converting vessel, and I claim for him the origi- 
nation of this practice which is now so universally employed, and which has con- 
tributed so much to the economy of production in all our steel works.—W. F. D, 
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purchasing the United States patent of R. F. Mushet for the use of 
spiegeleisen in the manufacture of steel) that it was possible that 
his efforts to purchase Bessemer’s American patents would not be 
successful, and he sent me rough sketches of a stationary converter 
from which the steel could be tapped after conversion very much 
in the same way as iron is tapped from an ordinary foundry 
cupola, and he urged the advisability of losing no time in having 
such a converter built. I accordingly at once commenced the study 
_ of the matter, and prepared drawings for a stationary converter of 


which Fig, 8 is a vertical section. It is substantially of the same 


form as the sketches sent me, but differed from them in the 
substitution of inclined side, for bottom tuyeres. This converter 
was built and erected in the works at Wyandotte, but no metal was 
blown in it until some time in the fall of 1865, some months after 
I ceased to be connected with the enterprise. In this converter it 
will be noticed that the upper and outer ends of the tuyeres are 
above the level of the metal in the converter, and that their lower 
ends are but a few inches below that level. Therefore the pressure 
of blast necessary to overcome the ferrostatic head at the inner 
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ends of the tuyeres was much less than would have been required 
had the tuyeres been inserted in the bottom. This arrangement 
also permitted the blast to be stopped without fear of the metal 
in the converter running through the tuyeres. One of my reasons 
for thus placing the tuyeres, was the belief that such heavy pressure 
as was required for bottom-blown converters was not at all essential 
to the production of a good quality of steel. My reasoning was 
that to expel the carbon from the metal under treatment, it was 
only necessary to bring in contact with it the requisite number of 
atoms of oxygen, which I believed (and still believe) could be better 
accomplished by a large volume and low pressure, than by a small 
volume and high pressure of blast. I have had no opportunity of 
practically demonstrating this belief; but will 
here venture the prediction that one direction 
in which the genius of improvement will walk 
in our steel works, is that which leads to a great 
reduction of pressure of blast, and a correspond- 
ing diminution of the power required for its pro- 
duction. 

The casting ladle (L, Fig. 4) emploved was 
Section of Velve on mounted on an iron carriage, which bestrode the 

—— casting pit in which the ingot moulds were 
placed. This ladle was provided with a nozzle 


and valve in its bottom, through which its con- 
tents were discharged into the ingot moulds: 

™ © this nozzle and valve are shown in detail in Fig. 
8a. 


Plan ot Nozzk The engine which supplied the blast for the 


Section of Nozzle on line C.0, used at that time for any metal‘urgical work, 
Fig 8a SCALE 


converter was constructed from working draw- 
ings made by the writer. It was intended to 
produce a pressure of blast of sixteen pounds per 
square inch, which was about double the pressure 


and was regarded as very heavy; in fact, I] wag 
informed at the time of commencing the plans for this engine (the 
winter of 1863) that the pressure used for blowing steel in England 
and Sweden was but eight pounds. I adopted the higher pressure 
with a view to shortening the time required for a blow, in the full 
belief that I was taking a decided step forward in the practice of 
the pneumatic process, though in this | soon became satisfied that I 
was in error. But whatever mistakes I made in this matter of blast 
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pressure, I had the comforting satisfaction of finding myself in 
most excellent company, for before my engine was finished, steel | 

was blown in England with a blast-pressure of twenty-five pounds, — 
; ‘a practice which has continued unto the present time. The blast — 
 @, 
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engine above named is represented in front and end elevation by 
Migs. Land 2. The construction consists of three cylinders of the 
same diameter (24 in.) and length of stroke (36 in.) whose axes are 


in il same vertical _ - whose piston rods are connected to 
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a wrought-iron cross-head, whose vertical movement is insured by | 
suitable guides near its ends. From the ends of the cross-head _ 
descend connecting rods to crank pins in the faces of fly-wheels on 
the extremities of a horizontal cast-iron shaft passing beneath the 
cylinders, and having its axis in the vertical plane before named. 
The above described combination is enclosed and sustained by a. 
strong framework of cast iron, to which the cylinders are securely, 


bolted; and the whole rests upon a substantial stone foundation, a 
part of which is seen above the floor of the engine-room. The central. 
cylinder shown in the front elevation (Fig. 1) is the steam eylinder, 


on each side of which is placed a blowing eyvlinder, A vertical 
section of the steam cylinder taken at right angles to the cross-head 
is shown in Fig. 12. On the right of this section is seen the slide- 
valve in the main steam chest, anterior to which is a gridiron cut- 


off valve in a smaller steam chest. The slide valve is actuated by a 
lever moved by a cam on the main shaft of the engine. This cam 
is so formed as to open wide the proper steam and exhaust passages 
_as soon as the cranks pass their upper and lower centers. The cut-off 
valve is worked by a step-cam on a shaft which makes two revolu- 
tions to one of the main shaft, from which it is driven by means o 
spur gear. This cam is capable of sliding along its shaft, and is 
adjusted and held at any desired point of cut-off by means of hand 
gear shown in Fig, 1 in the right hand arch of the engine frame. 
The main slide valve is very nearly balanced, and at the same 
time lubricated by the means shown in Figs. 9 and 10. Fig. 10 is 
a horizontal section through the exhaust port of the main slide 
valve, each flank of which is provided with a groove V, V, which 
is closed at its ends. Into this groove is introduced oil under such 
pressure as will nearly lift the valve from its seat when subjected 
to its minimum pressure of steam. The apparatus by which the 
required pressure of oil is obtained is represented in vertical section 
by Fig. 9, in which C is a steam cylinder containing a piston, the 
upper end of the rod of which serves as the plunger, R, of an oil 
pump, whose suction and discharge valves are shown at V and V' 
At L,is seen a lever on which slides a block, having suspended to 
ita weight W, by which the apparatus is adjusted in conformity 
i with the pressure of the steam admitted to the cylinder C, through 
the pipe P. The area of the piston in the cylinder ©, is such, that 
- when acted upon by steam of the standard working pressure, the 
total resultant pressure communicated by the plunger, R, to the oil 
in the oil pump is nearly sufficient to balance the main slide valve, 
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STEAM CYLINDER 24 X 36 


AIR CYLINDER 24 X 36 
AIR PRESSURE 16 LBS. 


| 


Front Elevation of Wyandotte Stee! Works BLOWING ENCINE, Designed by W. F. Durfee Engineer, 1863, End Elevation of Wyandotte Stee! Works BLOWING ENCINE, Designed by W.F. 


| 
| | | 
} ! if 


STEAM CYLINDER 24 X 36 
AIR CYLINDER 24 X 36 


Hi 


F. Durfee Engineer, 1863, End Elevation of Wyandotte Steel Work: 
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W. F. DURFEE, 


el Works BLOWING ENCINE, Designed by W.F. Durfee Engineer, 1863. 
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through the medium of the oil in the grooves V V (Fig. 10), which 
are connected to the discharge valve V' (Fig. 9) of the oil pump by 
means of prolongations of the pipes P P (Fig. 10). 

Any slight deviation from standard steam pressure is compen- 
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sated for by a proper adjustment of the weight W (Fig. 9). If 
for any reason (such as leakage of oil from under the slide valve) 


the piston in the cylinder C (Fig. 9) rises to its top, the apparatus 
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will, so long as the piston remains in that position, cease to have 
any balancing effect upon the slide valve, but it can immediately be ' 
rendered effective by forcing the piston to the bottom of the cyl- 
inder C (Fig. 9) by means of the lever L. If the slide valve is 
properly fitted, and the oil pump correctly adjusted to the pressure 
on the valve, it will not be necessary to depress the lever L very 
frequently. The above described balancing apparatus was placed 
in the left-hand arch of the engine frame, as is shown in the front 
elevation. The construction of the steam piston is a somewhat 


peculiar one, which is well adapted to pistons moving vertically 


under the conditions which existed in the Wyandotte engine, but 
would not, I think, be found satisfactory for those having a hori- 
zontal movement. The piston in question is provided with the 
usual pair of metallie packing rings backed by a junk-ring, whose 
interior surface is acted upon by the extremities of five curved 
blade springs, which are compressed simultaneously, by means of 
five radial cylindrical rods, whose inner ends abut on the conical 
upper end of a central adjusting bolt, access to which is had by 
removing the bonnet which closes the central opening in the bot- 
tom of the ste: The whole 


1m cylinder. 


construction of this piston 
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is clearly shown in Figs. 11, 12 and 18, the last of which isa plan 
of the piston with its follower removed. The pistons of the blow- 
ing cylinders are constructed substantially the same as the steam 
piston just described, but instead of having metallic packing rings 
outside of the junk-ring, that ring is made somewhat smaller in 
diameter than it is in the steam piston, and outside of it are placed 
a series of segments of harness leather, well saturated with tallow. 
These segments break joints with each other and occupy®all the space 
between the junk-ring and the interior surtace of the cylinder, as 
will be seen in Fig. 14, which also shows a diametrical vertical sec- 


Fig.13 


tion of one of the blowing cylinders made bya plane at right an- 
gles to the cross-head of the engine. In this section will be seen 
the elastic belt inlet and outlet valves, at each end of the cylinder. 
These valves were of the same construction as were in use on engines 


designed for English steel works by Mr. Bessemer. The section 
also shows one of the five supplementary inlet valves (which may 
with propriety be called dip valves) that were placed in each head_ 
of the cylinder. The position of these last named valves is more — 


clearly shown in Fig. 15, which is a view of the upper cover (as 
seen from below) of one of the blowing cylinders. In the works and 
with the machinery described, was produced on one of the early 
days of September, in the year 1864, the first Bessemer steel made 
in America. This event was a great disappointment to all the 
enemies of the new enterprise; as they had filled the air with 
predictions of failure, and poisoned it with the miasma of discour- 
agement; and they immediately turned their attention to a gen- 


eral depreciation of the results attained, and the persecution, with _ 
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renewed vigor, of all who were responsible for them, The great 
Herr Unkunde Unheilschwanger, seeing that “ blowing cold air 
through melted iron” did not make it “chill up,” suddenly de- 


clared that “ twas easy ‘nuff to make steel! All yve’d gut ter dn, 
was ter pore th’ iron in that ere pot, und blow her awhile, und 


run in sum er that ere t’other met’l, und pore her out, und she’s 
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steel, ye know.” Ina paper read at the Troy Meeting of the Ameri- 
can Institute of Mining Engineers, I mentioned briefly some of the 
crimes against progress perpetrated by the ignorant and mischiev- 
ous gang, of which Herr Unkunde Unheilschwanger was the ree- 
ognized chief, who. like Satan, 
‘* Exalted sat, by merit raised 
To that bad eminence.” 


Not content with burglarizing the laboratory, and endangering — 


the lives of those who were employed therein by plugging up the 


pipes of the oxvhydrogen blow-pipe, or with effecting the tinal de-. 
struction of the laboratory itself, they invaded the sanctity of private 


Fig.15 


correspondence ; and no person or thing was safe trom the virus of 
their tongues or the penetration of their eyes. In the month of 
— January, 1865, soon after the destruction of the laboratory con- 
nected with the works, I received a letter from a friend, whose op- 
portunities for observing the secret (as they thought) operations 
_ of this syndicate of sin were much better than my own. He says: 
_* * * “T am pleased to hear from you again, and yet was sorry, 
for I know what your feelings would be upon returning home; 
as I was unfortunate enough to be at Wyandotte at the time the 
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raid was being made upon your office and laboratory. I saw some 
things at Detroit in which Wyandotte men were concerned that 
sunk them in my opinion below the most contemptible of our 
race.” * * * Then, after some more remarks, none too 


em- 
phatic for the subject and occasion, he continues: * * * “ Noth- 
ing i 


1 your vicinity tm writing is sate from the perusal of any one 
who wishes to ve ad, and anything vou don’t care to have pirated, 


destroy.” After some words relative to other matters 
with this advice, “© Take care of your letters.” 
particular pains to heed.* 


he concluded 
el his advice I took 


As a contrast to the behavior of Herr Unkunde Unheilschwanger and his sym- 
pathizers, it affords me pleasure to present the following letter from a gentleman 
whose friendship throughout my connection with the experimental works at Wy- 
andotte I count as one of the treasures of my memory : 


** OFFICE OF THE CHICAGO ROLLING MILL Co., 
May 26, 1865. 


DEAR DURFEE: 


‘The meeting of the Iron and Steel men adjourned yesterday to meet in Cleve- 
land the fourth Wednesday in August. 


I regret very much that vou could not 
have been here, particularly to see how well your steel behaved ; and you must 
lassure you | was but too 
proud for your sake that everything we had to dawwith it proved so very suecess- 
ful. The hammer was altogether too light, of course 


it otherwise would to draw the ingots down: 


allow me to congratulate you upon its entire success. 


, and it took more time than 


yet all the pieces worked beauti- 
fully, and they have made six good rails from the ingots sent over, and not one 
bad one in any respect, 


The piece you sent over forged is now lying in state in 
the Tremont House, and is rea ly a beautiful rail, and has been presented to the 
Sanitary Fair by Capt. Ward. We rolled three 
Thursday. 


rails on Wednesday and three on 
At the first rolling only your cousin and Geo. Fritz were present, at 
the rolling yesterday were Senator Howe, of Wisconsin, D. F. Jones, of Pitts- 
burgh, R. H. Lamborn, of Philadelphia, Mr. Phillips, of Cincinnati, Mr. Ken- 
nedy, of Cincinnati, Mr. Swift, of Cincinnati, Mr. May, of Milwaukee 
ladies, Mr. Scofield, of Milwaukee, Mr. Fritz 


, and three 
, of Johnstown, Mr. Thomas, of In- 
dianapolis, with four strangers, and everything went so well I really wanted you 
to see some of the good of your labors for so long a time and under such trying 
circumstances. You have done what you set out to do, and done 
am glad to congratulate you and rejoice with you, fer I 


it well, and I 
can appreciate some of 
your difficulties, and wanted you to hear some of the praises bestowed upon your 
labors, as you richly deserve. I know this would make no sort of difference to — 
you, yet we all have vanity enough (especially in such cases as this) to feel grati- 
fied at any little compliments we know we are entitled to. 
you with any more, 


But I will not tire — 
as your cousin can tell you all and more than I can write, 
but, with kindest regards, allow me to remain, 


‘* Your most cb’t, 

(Signed,) W. PorTTer.” 
lhis letter, coming to me at a time when I was worn and exhausted by both 
physical and mental toil, was like the ‘shadow of a great rock ina weary land,” 
and I have prese eed it carefully among my few pleasant mementos of the time. 
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In those early days the atmosphere in which | moved was heavy 
with the tog of discouragement. All the so-called practical iron men 
in the vicinity of Wyandotte were opposed to the new process. I 


well remember the sneers of contemptuous incredulity. which 
greeted my statement that the time would come “ when a steel rail 


could be made cheaper than an iron one ;? and now that that time 


has arrived, as I look back upon my work at Wyandotte, with the 
added experience of twenty years to aid the retrospection, I do not 


hesitate to claim that it was as good a solution of the problem pre- 


sented as was possible under the circumstances of time and environ- 


ment. 


Twenty years have elapsed since the first Bessemer steel was 
made in the experimental works at Wyandotte, and that time, im- 
proved by the labors of skillful men from among our engineers, 
metallurgists and chemists, has wrought wondrous changes in the 
construction and management of our steel works, rolling mills and 
furnaces. Practices which were twenty vears ago condemned us 
criminal extravagances, are now regarded as essential economies, 
Things deemed impossible by men of little faith then, are but the 
common occurrences of to-day. Buildings, machinery, methods, 
have all felt the influence of the spirit of progress. Science has 


become better acquainted with Art, and Art has a better appre- 


, ciation of Science; and their united forces are marching forever 
forward. Before their steady advance difficulties vanish, obstacles 
surmounted, and seeming impossibilities are overcome ; sound 


principles are established in place of empiricisms, and educated 
skill replaces laborious ignorance. Verily, “old things are passing 
away, and all things are become new.” 


(This paper was discussed jointly with that of Mr. R. W. Hunt, of Troy, which 
follows. ) 
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THE ORIGINAL BESSEMER STEEL PLANT AT TROY. 
BY ROBERT W. HUNT, TROY, N. Y, 


Ix calling the attention of the Society to a short description of 
the original Bessemer steel plant at Troy, N. Y., | cannot hope to 
present matter of much value; and can only crave your indulgence 
while placing on record the plans and practice of the first Bessemer 
plant that made a commercial success in America. My paper, taken 
in connection with that of Mr. Wm. F. Durfee on the Wyandotte 
works, may possess some additional interest by drawing your atten- 
tion to the wonderful progress which has been made in this march 
of metallurgy during the last nineteen years. 

As is well known, there were rival patents bearing upon the 
pneumatic process. The Kelley and Mushet patents were owned 
by the Kelley Process Co., who built the Wyandotte works; and 
the various Bessemer patents belonged to Messrs. Winslow, Gris- 
wold & Holley, the latter firm erecting the Troy plant. Of 
course this state of things caused great jealousy and rivalry. Mr. 
Durfee succeeded in starting his plant a few months before his 
Troy rival, and hence to him belongs the honor of having made 
the first heat of Bessemer steel blown in this country. Alexander 
L. Holley commenced the erection of the Troy works immediately 
upon his return from England in the spring of 1864, and made the 
first conversion of steel on February 16th, 1865. From the start, 
complete records of the works have been kept, and hence I am ena- 
bled to present the particulars of their early experience. But be- 
fore so doing, let me call your attention to the plate, Fig. 16, show- 
ing the arrangement of the plant. Its location was determined by 
the existence of a water-power and wheel which had been used to 
run a grist mill, This opportunity for cheap power was too good 
to be neglected; and every other consideration sank into oblivion. 
Of how well this rewarded the owners, you can judge by the de- 
tailed history which follows. 

Two blowing cylinders, “48 x 48,” were attached to this old wheel, 
and the rest of the plant placed in a building 64 x 41’ 8”, built 
for the purpose. The pig iron was melted in the reverberatory 
furnace J, having a bed 7’ long by 4’ 9" 
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run through a gutter built in the floor to the wrought-iron runner /’, 
and through it into the wrought-iron converter B, which was of © 
course turned down to receive it. The runner /” traveled on the rail 
-Y,at its higher end and on a corresponding rail, to which its support- 
ing rod was attached, at the lower or converter end. So that after 
~ the blow was finished it could be pushed over against the end wall 
oof the building, and hence out of the way. A represents a brick 
stack with a brick hood, which carries off the flame of the con- 
<. versions. The recarbonizing metal was melted in the furnace 2, 
~ which is shown by the dotted lines and which worked into the 


stack JZ, in common with the furnace J. The resulting metai 
from the conversion was poured into the ladle 4) which was sup- 
ported by the cast-iron ram or crane 2. This ram was controlled 
by attaching the chain of the wooden hand crane C to it at the 


hook V, and it was so swung over the moulds set in the pit 2’. 


pit by the crane C, and loaded on a car standing on the railroad 
track shown. The vessel was rotated by decidedly simple appara- 


“power. 
~ Such was the original Troy two-ton plant. And it is not now sur- 


prising that many difficulties were encountered in its management. 
Mr. Holiey’s mind was soon impressed with the advantages of 
melting in a cupola and one was erected. This was built as shown 
by AL It was provided with duplicate bottom sections. The extra 


| 
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one being pushed to one side, as shown by A. He also advanced 
beyond the English method by placing the accumulating ladle /, 
resting on scales in front of the cupola. G is the wrought-iron 
runner conveying the metal to the runner #. When the cupola 
practice was adopted, the spiegel furnace # was torn down and 
the furnace J converted in one for melting the recarbonizer which 
was conveyed through the cast-iron gutter H. The cupola bottoms: 
were raised and lowered by the screw was an oven for dry-. 
ing stoppers, and 7’ its chimney.* 

As before stated, the first charge was made on February 16th, 
1865, No. 2 Crown Point charcoal iron being used for the pig, and. 


New Jersey Zine Co.’s Franklinite for the recarbonizing metal. 


With this the record begins: One heat was blown, using 2,497 ]bs. 
pig and 175 lbs. recarbonizer. From this there was cast three 

* The removable converter bottom had not been invented, hence there was no 


bottom oven provided. 
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taper ingots weighing 482, 491 and 561 lbs. respectively, making 
1,534 lbs. of castings and also 706 lbs. of scrap. Certainly a rather 
large percentage, and which, with steel rails at $27, we could 
hardly stand. But it was all figured out in the record, 7. e., * cast- 
ings, 54.4%, scrap 26.44, loss 16.2%. 11” test piece bent double cold. 
Blast 5 to 9 lbs. Blew well and hammered as well as possible. 
Scrap mostly a large seull due to slow handling. Finer fracture 
than the charges made from the same brand of iron at Bessemer’s 
works in England on November 30th, 1864. Welds pretty well, 
and hardens pretty well.” This entry was evidently written in a 
hopeful spirit, and is in Alexander Holley’s handwriting. 

The next trial was made on February 27th, using tife same grade 
of irons. But 50¢ of ingots were obtained ; 29.8% scrap and 20.2¢ 
loss. The remarks being: “ Blast 10 lbs. Blew 22 minutes. Ves- 
sel not hot enough. Ladle nozzle too small—14".” On the follow- 


ing day the third trial from the same irons gave, “ 774 of ingots; 
3.8% scrap and 19.2¢ loss. Vessel hot, and blew well with 8 to 10 
lbs. of blast. Metal came through bottom by side of tuyere; 
stopped it with water, Steel all poured out of ladle. Nozzle 12” 
diameter.” We can believe everybody went home happy that night. 

So the record continues from day to day. Sometimes showing 
one heat to have been made, sometimes two, but always containing 
statements of greater or less difficulties encountered. 

On April 4th, the product was increased to four heats. On April 
27th, an ingot was made marked “ Baldwin,” with the following 
comment: “ First tire ever made in America by this process. § Bully 

joy?” On this same day a “ Philadelphia delegation were present, 
and were much pleased.” 

Between May 17th and June 5th the following changes are 
noted as having been made. On the former date, the shaft of the 
water-wheel was found to be rotten, which necessitated a stop. 
During it the vessel was lengthened 18", making it 10.6” over all. 
“The pit was enlarged. New tuyeres and nozzles substituted, and 
the Franklinite furnace raised 6”, to get a better flow into the 
vessel,” 

On July 20th all was ready to try the new cupola. No. 1 Crown 
Point charcoal pig was used. “The iron melted in cupola in one 
hourafter stopping tap hole—half the time blower making 88 revolu- 
tions, half 100 per minute; run out very hot from ladle. Coal con- 
sumed 1,226 lbs., iron melted and blown 2,997 lbs., result—ingots 
85.44, scrap 2¢, loss 14.44.” 
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On July 25th, blows Nos. 132, 183 and 134 were made, and 
what was considered a great feat accomplished. It is thus told: 
“Melted in one hour after stopping tap hole, charged cupola in half- 
hour after first charge, it melted in three-quarters of an hour, 
These three charges were melted and converted into steel ingots in 
34 hours. Average loss of the three blows 20.6¢.” 

I tind it recorded, under date of July 28th, that the average con- 
sumption of coal in cupola was 1 |b. to 4.2 lbs. of iron melted. 

About this time a small cupola was built and tried for melting 
the recarbonizer. I cannot find any drawing of it, and from the 
record of its failures I think it was soon abandoned, and the old 
reverberatory iron melting furnace changed into a spiegel fur- 
nace, 

On November 25th, they made an ingot, cast in a loam mould of 
a shape suitable to be put on top of an iron rail pile to make a steel- 
headed rail. 

The constant trouble from low-blast pressure led about this 
time to the abandonment of the water wheel. The last charge 
having been blown with it on December 8th. Work was resumed 
on March 10th, 1866, with blast from a steam engine. On the first 
day 114 lbs. of blast is reported with 35 lbs. of steam pressure. On 
March 12th the pressure was good, but on the next heat the ‘ en- 
gine worked badly, the fires low, and the vessel had to be turned 
down twice.” However, from this on, the record is much cleaner, 
The product for the month of March is reported as : 


aa 145,698 lbs. — 65 tons 


5,390“ 


I find that on November 13th, 1865, the experiment was made of 
using chromium ore in the vessel-—the resulting metal was called 
“serap.” The experiment was repeated on the 22d. This time a 
triple compound of iron, chromium and carbon was used. The 
result remained the same. 

On April 3d, 1866, the attempt was again made, and repeated on 
the 6th. While ingots were obtained which stood hammering, 
they cracked and crumbled badly. In those days “standing ham- 
mering” must have been somewhat different from our present idea. 
The 120 lbs. of chromium pig metal was heated to a red heat and 
thrown into the vessel when it was turned down after finishing 
blowing; it was turned up again for one quarter of a minute, and 
then the metal was poured into the casting ladle. This seems to 
have ended the chromium experiments. 


2.924 lbs. and was 15 inches in diameter. The mould was filled to — 
within 12” of the top, and an iron bar 5” in diameter and 20” long— 
was lowered into the metal to the depth of 4”. This formed a_ 
handle for forging. Most probably this was the first large ingot 
made in this country. On the 26th another such ingot was made — 
crank shaft forging. 


May 2d, 1866, saw another experiment tried, by running 1,500 — 


lbs. of metal into the converter, blowing it ten minutes, when it | 
entirely decarbonized. 3,000 lbs. more of pig was then run in. 
cand the vessel again turned up, the blast being on to mix the metal. 
‘It was then poured into the ladle and cast in the moulds. These_ 
described as being “fsixes and sevens.” 


SO charges were made in the month of May, vielding: 


The two-ton plant continued to run with increasing success. The 
patent difficulties were settled, and the firm commenced the erection 
of a two 5-ton converter plant. This was finished early in 1867. 
And I find from an old statement it was * confidently expected to 
produce from 20 to 30 tons of iron or steel ingots every turn of ten 
hours.” 

Before the final abandonment of the two-tou plant, Mr.Z.S. Durfee 
assuined charge of the works, Mr. Holley having severed his con- 
nection to finish building the Pennsylvania Steel Co’s. plant at 
Harrisburgh, Pa., after seeing the 5-ton plant at Troy about ready 
for work. Among other changes, Mr. Durfee pulled down the 
spiegel furnace J, and put in a crucible or pot furnace, in which 
he melted his recarbonizer. It was then called ferro-manganese, 

and contained about 20¢ of manganese. This was melted in cruci- 
bles, and Mr. Durfee succeeded in producing some very good low 
carbon steel. 

While we smile over these records of a past, that to come of us 
seems so long ago—yet in time is but as yesterday—let us realize 
what these trials meant to those conducting them. Let us not over- 
look their earnest endeavors, their high hopes, many disappoint- 
ments, but never-failing courage. Strong faith was required, both 
by the capitalist and the engineer. Probably no industry ever 
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made such gigantic strides, attained such advancement in the same 
number of years, as the Bessemer Process in America. But the 
fire that burnt away its crudities also consumed great spirits. The 
bold investor, E. DB. Ward, the cultivated Z. 8S. Durtee, the perfect 
gentleman, the constant patriot, John A. Griswold, have passed 
away, while to those of us who have been in the thickest of the 


fight comes more closely the death of that daring engineer, always 


advancing, ever right, warm, uncompromising friend, George Fritz : 
and saddest of all, the loss of him whose hand recorded most of 
that which Ihave presented to vou, records of the actual wearing 
away of his great heart. Applied science triumphed, but Alex- 
ander Lyman Holley died. 


DISCUSSION, 


Mr. Holloway.—I desire to express my thanks to the authors of 
both these papers for the manner in which they have been pre- 
pared and read before us, and for what they have told us about 
the early Bessemer steel works of this country. To those of us 
who are more or less familiar with it, it is even of greater interest, 
but over and beyond all, I think the presentation of such papers 
is of especial value, as transmitting to posterity the early history of 
one of the most important metallurgical processes which this coun- 
try has ever seen. Whenthe present generation shall have passed 
away, but for such a record as this in the Transactions of our So- 
ciety, the memory would be lost and forgotten of the trials and 
disappointments which were undergone to bring this process to 
the perfection which it has now attained ; and it is certainly due 
to those who took so active a part in this enterprise, that the 
record should be made an abiding one. There is no one we honor 
more highly than he who contributed so largely to its suecess at 
Troy, and it is quite fitting that in a society which remembers 
him with so much of pleasure and regard, there should be made a 
lasting record of the trials and discouragements which he encoun- 
tered; and many of us realize what those disappointments must 
have been tohim. Had it not been for those little injections of hu- 
mor which crop out here and there, as we see, all through those 
dark days, and which are indicative of his hopeful spirit, | hardly 
know how Holley could have gone through it as he did. ‘The ex- 
periments at Wyandotte, as related by Mr. Durfee, are quite a reve- 
lation to me, although living not far away from them, and I have 
listened to them with much interest. What he says awakens a 
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reminiscence of which I would like to speak. We had at the time 
in our vicinity one of the old-time furnace men, one who com- 
menced his career years before with a small charcoal furnace, and 
who became afterward a well known and successful manager. He 
managed a furnace, as indeed all did in those days, without know- 
ing much about it. In fact, a good furnace man was at that time 
looked upon as a sort of necromancer. His name was David 
Himrod, of Youngstown, and to him belongs, T believe, the credit 
of first using bituminous coal in a blast furnace with success. I 
was at that time engaged in the construction of the Bessemer steel 
plant for the Cleveland Rolling Mill Co., and, as Mr. Durfee says, 
the marvel of all-about us was that so much money should be put 
into the machinery and apparatus. Meeting Mr. Himrod one diy, 
who had heard of what was being done in Cleveland, and of the 
large sum of money that was being put into the new steel works 
there, he said to me: “It’s all nonsense, this putting up such 
costly machinery just to make steel. It can all be done easily, 
simply, and much cheaper.” Said I, “ Have you ever investigated 
the matter to any extent?” “Oh, ves,” he said; “TI have gone 
through it in a simple way, just to satisfy myself that this great 
expense is all unnecessary.” T replied that “ it was certainly very 
strange that men should embark in an enterprise involving such 
large expenditures for machinery unless it was required.” “It’s 
ull nonsense,” he repeated ; “all you want to do is to agitate the 
metal, and get the air into it; that’s what changes it.” “ Well,” 
[ asked, “ did yout ever try any experiments in that direction?” 
“Yes, did,” said he. “DT sent over to Homer Hamilton’s and 
got one of his ladles, and filled it with iron from the furnace. I 
had made up my mind that all that was wanting was to agitate it 
a little, and get the air through it, andythat would make it steel.” 
“How did you manage to agitate it?” IT asked. “ Well,” he said, 
“when I had filled up the ladle, I got a potato, and put it on the 
end of an iron rod, and stuek it into it.” * Well, what did it do?” 
Lasked. Throwing up both arms, he answered, “Oh, it made a 
hullabaloo!” The “ Himrod process” for making steel, so far as 
L know, never came into general use. 

Mr. Stirling.—Uaving been one of Mr. Holley’s assistants in 
the early stage of his work, I thought that T ought not let this 
opportunity pass without making some statements. I went to 
Mr. Holley on the 4th of May, 1866. The two-ton plant was then 
running, and the building was up for the five-ton plant which was. 


67 
+ 


68 THE ORIGINAL BESSEMER STEEL PLANT AT TROY. | 


being constructed. While matters were in this transition state, I 
remember working out for Mr. Holley a system of bottoms for 
the cupola which I have not seen illustrated anywhere. The plan 
will show Mr. Holley’s mind in the direction of removable bot- 
toms. Of course, tle earlier plan of having the bottoms on a 
railway, running one out after the other, as described by Mr. Hunt, 
Was somewhat inconvenient, for the reason that they could not 
pass each other. So Mr. Holley instructed me to work out a sys- 
tem by which we might have three bottoms on a turn-table, the 
idea being that one would come in after the other into place under 
the stack of the cupola. The center of the turn-table was located 
at one side of the cupola, and there was a system of braced con- 
struction below, the idea being that one bottom would swing 
right in after the other was used. The one that was finished and 
ready to use would go right into its place without having to pass 
the other. I remember, also, there was a turbine substituted for 
the overshot water-wheel, which was an improvement, though it 
was a mistake to work with water under the circumstances. | 
remember also having charge of making for Mr. Holley, models 
for the present Bessemer plant about September, 1866. The 
models were made up in the Troy machine shop. 

Having been with Mr. Holley in the early stages of this process 
and having also visited the steel works of Bolckow, Vaughan «& 
Co., at Middleboro’, some two years ago, I can say that the con- 
trast was very marked. While Mr. Holley made a few tons in a 
month—lI think Mr. Hunt says sixty-five tons a month—the steel 
works at Middleboro’ were turning out over twenty thousand tons 
in that time. At Troy there were no blast-furnaces in the neigh- 
borhood of the steel plant. The blast-furnaces were fifty or more 
miles from the steelworks, while at Middleboro’ the blast-furnaces 
were in the immediate vicinity, and they took the melted metal 
right to the converters and rolled the hot ingots right through. 

I want to bear testimony, as one of Mr. Holley’s assistants at 
that time, to his uniform kindness to the people that he employed ;_ 
and sometimes I know he was kind under circumstances that 
would have irritated other men. 


Mr, Barnes.—If I had known that these papers were to be read, 
I might possibly have arranged for the presentation of some ad- / 
ditional matter which I think would have proven of interest. 

I also was one of the early helpers in this Bessemer line, my 4 
first employment in the works at Troy having been in February, — 
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—1866. The only remark I have to make at this time is that 'T had 
to do with the copying of a lot of English tracings of machinery 
and fixtures that had been sent over from Mr. Bessemer’s office ; 
and it is an important fact that but very few off the features of 
the details of Mr. Bessemer’s practice as thus given were em- 
bodied in the American work which was going on at that time 
subsequently to it. 

Mr. Hunt.—1 had the fun of trying to make steel in that station- 
ary converter which Mr. Durfee has shown, the object being to 
avoid patents on the Bessemer tumbling converter. I mention 
this from the fact of a little experience I had last week, which I 

wish to state informally. [ am not prepared to say that it is 
going to be a constant thing, but I think it will be of interest to 
the metallurgists and engineers present. There are erected and 
in operation now at Pittsburgh two stationary converters owned 
by Oliver Bros. & Phillips. They are built under the Clapp- 
Griffith patents, and they have been producing some remarkably 
good low metal. I suppose you are all familiar with the charac- 
ter of the converters. The tuyeres are on the sides and close to 
the bottom. As the operator turns the main pressure of blast off, 
the blast enters behind a system of plugs and drives them into 
the tuyeres. These plugs have small apertures through their 
center, which remain open to keep the metal from chilling in the 
tuyeres. Hence the oxidization, while the heat is being tapped 
out, is reduced to the minimum. Another feature is the cinder 
tap. They have been making some most beautiful low metal, and 
it possesses an ever-constant property ol welding. They have 
~ made some splendid specimens of boiler tubes that will stand all 
sorts of torture without showing failure. My special interest was 
to find out how much good the cinder tap did. So last week I 
started modestly by taking some iron that contained 0.9 phos- 
phorus and using 50 per cent. of that and 50 per cent. of Besse- 
mer iron, The analysis of the resulting metal was about this: 
0.54 phosphorus, 0.0065 of silicon, .50 of manganese, 0.08 of sul- 
phur, 0.12 of carbon. I expected, of course, that it would go to 
pieces in the rolls. It was cast into seven-inch ingots. They 
were rolled into a billet and that rolled into half-inch rods, and the 
physical test we received from the Pittsburgh testing laboratory 
was more astonishing than anything else. It showed 74,790 
pounds tensile strength, 48.8 per cent. of reduction of area, 55,070 


pounds elastic limit and 25} per cent. elongation. I thought that 
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must be an accident. So I made five more heats, but I have only 
received the report of one of the physical tests of these, and that 
_ as taken from the sprue of the ingots—the rough sprue from 
the bottom casting. It was taken and rolled into an half-inch 
~ rod, and that gave 76,760 pounds tensile strength, 55,580 pounds | 
elastic limit, 28 per cent. elongation, and 51.4 per cent. redue tion 
of area. In the language of Troy, which you will remember is’ 
always classical, I am at present “ knocked out.” 
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A NEW ROCK DRILL. : 


BY FREDERIC A. HALSEY, NEW YORK, 


In the invention and design of this machine, it was the writer's 
object to obtain a better steam distribution than had before pre- 
vailed in machines of this class. The chiet resulting differences 


between this machine and others are as follows: 

I. In the machines in general use the motion of the piston is 
arrested at the conclusion of the return or inboard stroke, by a live- 
steain * cushion obtained by giving the valve a great degree of 
“lead.” In this machine the piston is stopped (so far as is possible 
so to do) by an exhaust-steam cushion obtained by closing the 
exhaust port soon after the return stroke has commenced, and the 
steam thus compressed forms a portion of that used to effect the 
succeeding striking stroke. 

II. In the machines in general use the steam is used without 
expansion. In this machine expansion is introduced to any desired 
extent. 

III. The machines in general use strike a cushioned blow. This 
machine strikes an uncushioned blow, 

The cushioned blow is a necessity with the valve gears heretofore 
usually employed—this necessity arising from the following cir- 
cumstances: The length of stroke of a rock drill is not constant. 
As the drill hole progresses in depth, the cylinder must be corre- 
spondingly fed forward, but to effect this feed with perfect regu- 
larity is found to be an impossibility. The effect of this irregu- 
lar feed of the cylinder is to vary the point marking the end of the 
stroke of the piston—the approach of the piston to the lower 
cylinder head varying from stroke to stroke. Moreover, in starting 
a hole, and under certain other circumstances, it is occasionally 
desirable to be able to feed the cylinder forward, so as to shorten 
the stroke still more than is actually necessary to accommodate the 
usual irregularity of feed. In brief, the machine must be able to 


* For the sake of brevity the word ‘‘ steam” will be used throughout this 
paper to designate the driving medium. It will be understood that the devices 


described are equally adapted to use with compressed air. 
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take strokes of considerably less than normal length, without failure 


to trip its valve, in order to continue in un- 
interrupted action. This circumstance has 
usually been provided for by simply giving 
the valve a great degree of lead at the /ower 
end of the cylinder,—tripping the vaive at a- 
point previously decided upon as the end 
of the shortest stroke to be allowed, and. 


then submitting from necessity to the loss 
of power due to the cushion thus introduced | 


into all strokes of usual length. In the 
machine about to be described, provision has 


Fig.21. - 


been made for this irregular feed and length of stroke, but never- 
theless, when full-length strokes are made, the valve does not move 
nor is steam admitted below the piston, until the actual delivery 
of the blow. There is a wide-spread impression that the cushioned 
blow has been introduced designedly, in order to prevent the piston 
from striking the lower cylinder head. This isan error. There is 
no rock drill now in successful use, that will not strike its lower 
head sharply if given the opportunity. The real cause for the 
cushioned blow is that given above—the necessity of providing for 
strokes of varying length. In one of its forms (the economizer 
described later) this machine strikes its head or the rock, as the 
case may be, with the same force as previous cushioned-blow ma- 
chines of the same size, the difference being that in other machines 
the blow is the effect due to the difference between the driving steam 
behind the piston and the cushion steam in front of it, while in this 
machine the blow is the net effect of a smaller amount of driving 
steam. 

Figures 17, 18, 19 and 20 are longitudinal sections taken on the 
broken line A BCD of Figure 21, the piston and valve being shown 
in a number of successive positions. Figure 21 is a cross section 

on the line £¥ of Figure 17. 

In Figure 17 the piston has just completed its striking stroke and 
is ready to commence its return stroke. The steam which effected 
the preceding striking stroke has been exhausted through the open- 
ing h, which forms the only exhaust port for the upper or left-hand 
end of the cylinder. Steam enters at the supply nozzle a, flows 
through the longitudinal groove 4* in the cylinder (seen also in 


* The longitudinal groove } is of such length as to maintain constant commu- 
nication between the nozzle a and the circumferential groove c. Its office is to 
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Figure 21), tu the broad, shallow circumferential groove ¢ in the 
piston. This cireumferential groove ¢ forms, in effect, the steam 
chest of the machine, and trom it the steam is distributed alter- 
nately to the opposite ends of the cylinder. Through the passage 
d steam pressure is maintained in the lower end of the valve chest, © 
firmly holding the valve in the position shown. Steam flows 
through the passage ee, and from this through the neck fof the | 
valve, to the passage gg, which in turn leads it to the lower end of 
the cylinder. The piston now starts upward, and presently takes 
the position shown in Figure 18. In passing from the position of — 
Figure 17 to that of Figure 18, the piston has closed the ports d, e, 
and opened Closing contines the exhaust steam in the 
upper end of the cylinder, forming an exhaust cushion before the 
piston, and accomplishes the first improvement named above. 
Closing d merely isolates the steam already in the end of the valve 
chest. Closing e cuts off the supply of steam to the lower end of — 
the eylinder, and for that end effects the second improvement 
aimed at. Opening ¢@ has no effect, as its upper end is still closed 
by the valve. Opening 7 establishes communication between the 
lower ends of eylinder and valve chest, and hence as expansion 
goes on from the cut-off, the pressure acting on the end of the valve— 
will gradually fall. In Figure 19 the piston has ascended still. 
further, and uncovered the port %, admitting steam through the 
"passages Zand # respectively, to the upper end of the cylinder and 
valve chest. The former completes the work of stopping the mo- 
= ef the piston; the latter, being opposed only by expanded 
steam at the lower end of the valve, as just explained, shifts the — 
valve downward, thus establishing communication between the_ 


port gg and the exhaust passage o. The piston now commences its 
} gg 


descent, and closes and opens the various ports in the reverse order 
to that just explained. Closing & has no effect, as 7 being now 
open, the steam can pass through it to the upper end of the eylin-. 
der. Closing ¢ effects the cut-off for the upper end of the cylinder, 

exactly as closing ¢ didflfpr the lower end. Opening e has no effect, 
ee upper end being now closed by the valve. Opening A effects— 

the exhaust.* In Figure 20 the piston has just uncovered the port: 
Jessen the otherwise inconvenient length of the circumferential groove ce. This 
in turn diminishes the length of piston and cylinder, and hence weight of 

-machine. 

* In the actual machine a covered passage leads the exhaust steam from the 

port A to the passage 0, so that the exhaust from the two ends of the cylinder 

— escapes to the air through a single outlet, w, of Figure 21. 
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d leading to the lower end of the valve chest, and it has thus estab- — 
lished the condition which will reverse the valve, and insure the 
next upward stroke. As the port dis just uncovered, and no more, 
the piston is at the point marking the termination of its shortest 
working stroke. Should the piston stop short of the position shown 
(by reason of excessive feed), the port @ would not be uncovered, 
the valve would not reverse, and the machine would stop. As will 
be seen, the piston is at some distance from the lower cylinder head, 
this distance representing the latitude of irregularity permitted in 
the feed. The piston may stop anywhere between the end of the- 
_ cylinder and the position of Figure 20, and the action will continue. 
In order to effect the third improvement (the uncushioned blow), | 


the passage d is always opened at the position shown in Figure 20, 
shall yet, when full- length strokes are made, permit the piston — 
to pass on and complete its stroke without the movement of the 
valve actually taking place until the delivery of the blow. This 
is effected by simply constricting a portion of this passage d—muak- 
ing it of such small size that the passage through it of the steam 
necessary to move the valve, shall be delayed until the piston has_ 
chad time to pass on and complete its stroke. In the machine as 
actually made, most of the ports opening into the cylinder are— 
arranged in pairs, and diametrically opposite one another, to obviate | 
side pressure on the piston. 

Figures 22 and 23 are indicator diagrams* photographically repro-_ 
duced from the original pencil lines, and being taken at working — 
pressure, with wide-open throttle, unrestricted speed, and full-length — 

stroke, illustrate the action of the machine. Figure 22 is from the. 

upper end, representing the striking stroke, and Figure 23 from the 

lower end, representing the return stroke. At p, Figure 22, the 
piston is in the position of Figure 17. At g the exhaust port / is_ 
me and compression begins; at 7 the port’ is opened, full-. 


_ pressure steam enters, stops the piston at s, and reverses the valve ; 4 


at ¢the port is closed and expansion ; at w the port is 

opened and exhaust takes place. At the lower end of the cylinder 
there is no gradual rise of pressure like that from g to 7 of Figure’ 
22. At this end the rise of pressure is practically instantaneous, 
and the result is the rey ations of Figure 23. W hile, ire 


* ‘Taken with the machine ope erated by compressed air. 
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clear the action which it is desired to show. As stated, the ma- 
chine was running its full stroke—as near to its lower head as was 
considered safe—nevertheless, there is no lead whatever shown. At 
v the exhaust from the upper end of the cylinder occurs, and the 
crossing of the two exhausts produces the flutter shown. The port 
dis also opened at v, but it is clear that steam is not admitted until 
the end of the stroke is reached. 

It will be observed that the point of cut-off depends upon the po- 
sition of the ports e, 7, lengthways in the cylinder, and can be varied 


Fig. 22. 


Upper end 
striking stroke. 


Fig. 23. 


return stroke 


INDICATOR DIAGRAMS FROM THE ECONOMIZER ROCK DRILL. 
Air pressure 55 Ibs. (gauge pressure.) 
Throttle valve wide open. 
Speed approximately 400 blows per minute, 
Scale of spring 60 Ibs. per inch. 


CROSBY INDICATOR 


at will in the design and in the two ends of the cylinder independ- 
ently. The effect of the cut-offon the striking stroke is to diminish — 
the force of the blow, while the effect of the absence of cushion is 
to increase it. The former may be adjusted to the latter so that 
the blow struck is precisely the same asin cushioned-blow machines, — 
but of course obtained with a smaller consumption of steam. On 
the other hand, a late cut-off may be employed on the striking stroke, 
thus giving the full effect of the uncushioned blow to increased 
power. It is freely recognized that fuel is but one of many items 
of expense, and that in many situations speed of execution far out- 
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weighs any economy in fuel that might be realized through the 
use of the expansion principle. To meet both situations—those 
where economy and capacity, respectively, are leading objects, two 
classes of machines are being made—one having cut-off on both 
strokes, and the other on the up-stroke only. The first machine is 


named the “ Economizer,’ and the second the “ Slugger,” and 
either is furnished as the situation requires. 
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A NOVEL HAMMER-HEAD AND DIE. 


BY WM. HEWITT, TRENTON, N. J. 

Ix the ordinary construction of steam hammers the head and die 
are usually secured to the piston-rod, which is slightly tapering at 
the end, by means of keys applied to a slot in the connection 


+> 


between the piston-rod and head, and a dovetail joint in the 
connection between the head and die. The objection to this and 
all other modes of connection by means of keys is, that the unequal 
expansion and contraction of both the head and die continually — 
knocks the keys loose—no matter how tight they may be driven— 
necessitating frequent stoppages to tighten up, which are sufticient- 
ly annoying in themselves even if they do not lead to more serious 
7 
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consequences, such as the bursting of a head or cracking of a die; 
and althongh these parts are generally made of cast steel, such 
events are not of uncommon occurrence, especially in’ shingling, 
where foul blows are frequent. 

The device which I present to your notice in this paper was 
applied a few years ago to a Sellers hammer in the works of the 
Trenton Iron Co., and has effectually overcome the difficulties 
mentioned, being a much cheaper as well as better arrangement. 

Referring to the accompanying sketches (Figs. 24 and 25), 1 is the 
piston-rod; 6, the head secured to the lower extremity of the 


LEATHER 


Fig.25 


piston-rod by means of a tapering split ring, C, and a cireumscrib- 
ing wrought-iron band, 4 F’isthedie. //, JZ are a series of lugs 


projecting radially from the exterior face of the lowermost portion 


of the head,and //’, //' are a corresponding series of lugs projecting 


similarly from the exterior face of the uppermost portion of the 
die. The two series of lugs in the set of the parts are so disposed 
as to be vertically aligned in corresponding pairs. 

The parts are joined in the following manner :—The wrought- 
iron band -J/, is first shrunk upon the head &, to keep it from fract- 
uring, and the head, with the band shrunk upon it, is then heated 
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‘toared heat. The tapering sleeve or ring C, which is split like a 
piston-ring, is now slipped over the end of the piston-rod; the_ 
head B while red-hot placed around this; and the die placed so 
that the lugs on it come directly opposite those on the head. The 
tapering ring Cis then driven down tightly with a sledge; the. 
head left to cool; and finally, the bands shrunk around the lugs, 
‘as shown in the sketches. The opposing faces of the lugs are faced | 
cff or beveled so that they do not touch in the contact of the die 


receiving or sustaining any portion of the shock from the blows of. 
the hammer, which otherwise would break or destroy them. The 


by cutting the bands and replaced by anew die. The head B on 
cooling shrinks sufficiently, as practice has proved, to prevent the 
tapering ring C fromslipping or shaking loose. A leather washer is 
placed between the end of the piston-rod and die, to provide for a 
slight amount of elasticity and ameliorate somewhat the force of the 
severe blows. The tendency of the blows, it is obvious, is to drive- 
the tapering ring in tighter, and the force thus exerted outwardly 
against the head is so great that it would soon break it if it were 
not for the wrought-iron band J, which effectually prevents this. 
iT he head and die are made of cast iron. 


DISCUSSION. 


Mr. Hutton.—As Mr. Hewitt is not present to speak of them him- 
self, T might mention one or two points which interested me when 
Mr. llewitt was first showing me this arrangement of his. In the 
first pl: we, the combined action of the heat and the blows on the 
leather packing between the end of the piston-rod and the top of the 
die is such that in the course of a few months, or whenever any 
inspection of the thing is necessary, the leather is found to have 
become charcoal. It is a fine pulverulent packed mass in that 
cavity. Mr. Hewitt also says that the life of this cast-iron head 
‘is from twelve to fourteen months of constant use, and shingling 
say about 10,000 tons of iron. ; 

President Sweet.—It occurs to me, in looking over the drawings, 

_ that there is one piece more than is necessary. If the rod is ta-— 


‘d, the conical ring can used with, making the t taper- 
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ing fit on the rod. It is not necessary to make any allowance for 
shrinkage. Simply put it in place, and let it shrink on. 

Mr. Davis.—The taper-ended piston-rod would force itself down 
to its fuil extent every time, by the blows and the amount of mo- 
mentum in the rod and piston. It would probably upset itself to 
such an extent as to loosen itself or split the hammer-head. This 
taper ring is very similar to the ordinary Sellers’ method. The 
point about it that makes it such a good connection is that that 
ring is left a little above its seat, and, as the hammer strikes, the 
momentum of the ring itself drives it toward home. The ring is 
not heavy enough to do any damage; whereas the great weight 
of piston and rod pounding on a taper would burst the hammer- 
head or destroy the fit. I would like to ask how large the ham- 
mer is to which this was applied, because in our shops we have 
used hammers up to six hundred fand fifty pounds with the ordi- 
nary Sellers’ connection constantly during the last five and a half 
years. One isa hammer that serves about twenty-five smiths’ 


forges. The same head is in use to-day, and apparently as good 


as the day it was made. That tapering ring seems to answer 
every practical purpose. The piston-rod in every case comes 
right down solid against the hammer-head, and does not seem to 
upset itself at all from the usage. Our Sellers hammer-heads are 
easily removed at any time by warming them, and may be secured 
firmly on the piston-rod again by simply driving the taper ring in 
its place. 
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TABLE OF SIZES OF CHIMNEYS. 


BY WILLIAM KENT, M. E., NEW YORK. 


' THE accompanying table of sizes of chimneys for various horse- 


powers of boilers is based on the following data : 


1. The draught power of the chimney varies as the square root 
of the height. e 
2. The retarding of the ascending gases by friction may be con- — 
sidered as equivalent to a diminution of the area of the chimney, ; 
or to a lining of the chimney by a laver of gas which has no | 


= 


velocity. The thickness of this lining is assumed to be two inches 


two inches (neglecting the overlapping of the corners of the | 


for al chimneys, or the diminution of area equal to the perimeter 


lining). Expressed algebraically, let // = diameter, 1 = area, 


E effeetive area. 


Por square chimneys, E= =A— 
12 
For round chimneys, = A -- 0.592 41 


For simplifying calculations, the coefficient of may be taken 
as 0.6 for both square and round chimneys, and the formula 
becomes 


A OL6 / A. 


3. The power varies directly as this effective area a 


4. A chimney 80° high, 42° diameter, has been found to be 


sufficient to cause a rate of combustion of 120 pounds of coal per 
hour per square foot of area of chimney, or, if the grate area is : 
to the chimney area as 8 to 1, a combustion of 15 pounds of coal 
- square foot of grate per hour. This is fair practice for a 7 


boiler of modern type, in which flues, or tubes, are of moderate 


diameter, gas passages circuitous, and heating surface extensive 


in proportion to rate of combustion, so as to cool the chimney 


gases to 400° or 500°, and produce high economy. 


5. A chimney should be proportioned so as to be capable of | 
6 


sl 
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giving sufficient draught to cause the boiler to develop much more 
than its rated power, in case of emergencies, or to cause the com- 
bustion of 5 pounds of fuel per rated horse-power of boiler per 
hour. 

Conditions 4 and 5 being assumed, the 80’ x 42” chimney, 9.62 
square feet area, will cause the combustion of 9.62 x 120 = 1154.4 
pounds of coal per hour, or at 5 pounds of coal per horse-power | 
per hour, is rightly proportioned for 231 horse-power of boilers. 

The power of the chimney vary ing directly as the effective area, 
Fy and as the square root of the height, 4, the formula for horse- 
power of boiler for a given size of chimney will take the form,— 


HP. = CF V/A, in which C is a constant. 


For the 80 x 42” chimney, = A — 0.6 4/.A = 
yh = 8.944 feet. 


- 


76 square feet. 


Substituting these values in the formula it becomes,— 


931 = C x 7.76 x 8.944, 
A. whenee C Deeds 


and the formula for horse-power is 
HP. = 3.33 L yh, or, HP. = 38.3: 
Tf the horse-power of boileris given, to find the size of chimney, 
the height being assumed, 
» 


For round chimneys,— Diameter of chimney = Diam. of / + 4°. 

For square chimneys, Side of chimney = ,// + 4°. 

In the formule and table no aecount has been taken of the 
difference which is believed by some authorities to exist in the | 
efficiencies of round and square chimneys of equal area, nor of 
the differences of friction and of rate of cooling of the gases in. 
iron and in brick chimneys. Should experimental data of these 
differences, or of the effeet of infiltration of air into brick chimneys, 
be obtained in future, the formule and table may be corrected | 
accordingly. 
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TABLES FOR FACILITATING CALCULATIONS OF 
BOILER TESTS. 


BY WILLIAM KENT, M. E., NEW YORK. 


THE ealeulation of the results ofa series of boiler tests involves a 
considerable amount of figuring and use of formule, and unless an 
engineer is very expert in arithmetical calculations, the correetion 
of mistakes in calculation is often one of the most annoving parts 
of his work. The table of factors of evaporation for the purpose 
of reducing evaporation under actual conditions to equivalent 
evaporation from and at 212° herewith presented has been found 
of considerable service in the writer's practice, both in saving the 
labor of original calculation and in lessening the chances of errors 
in figures. It is much more complete than the table in the third 
volume of the American edition of Wiesbach, or the similar table 
in Appleton’s Encyelopedia of Mechanics. The table was first 
calculated by a system of continuous additions and corrections to 
the sixth decimal place. Whenever the last two figures were 
between 47 and 53 inclusive, the calculation was revised for the 
purpose of determining whether or not in making a table of four 
places unity should be added to the fourth figure. The maximum 
error of any figure in the table is believed not to exceed 000052 
The table gives the factors for every 3° of temperature of feed— 
water from 32° to 212° F., and for every two pounds pressure of 
steam within the limits of ordinary working steam pressures. 

The difference in the factor corresponding to a difference of 3 
temperature of feed is always either O31 or .0032. For interpo- 
lation to find a factor for a feed-water temperature between 32 
and 212°, not given in the table, take the factor for the nearest 
temperature and add or subtract, as the case may be, .1010 if the 
difference is .0031, and .0011 if the difference is 0032. As in nearly 
all cases a factor of evaporation to three decimal places is aecu- 


* On the supposition that the steam tables used in making the tables are cor- 
rect, and that 965.7 thermal units is the correct value of the latent heat of evap- 
oration at 212° F, 1f 966.1, the value given by some authorities, had been used 
in the calculations, the factors would be .0004 or .0005 less than those in the table. 
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rate enough, any error which may be made in the fourth decimal 
place by interpolation is of no practical importance. 

The tables used in calculating these factors of evaporation are 
those given in Charles T. Porter's Treatise on the Richards Steam 
Engine Indicator, and the formula is the well known one, Factor 
= chedal® which // is the total heat of steam at the observed 
pressure, and / the total heat of feed water of the observed tem- 
perature. 

In addition to the tables of factors of evaporation there are 
given tables of temperature and total heat units, reckoned from 
32° F., of water and steam from 0 to 250 lbs, gauge-pressure, and 
of water from 82° to 212° F., all condensed from Mr. Porter's 
tables. Also a column showing weight of water per eubie foot 
according to Rankine’s formula, as given in D. K. Clark’s Rules, 


Tables and Data, but corrected for apparent errors, aud interpo- 


lated for the degrees of temperature not given by Clark. As there 
is considerable difference in figures in the second decimal place of 
weights of water given by different authors, it is considered un- 
necessary to put figures beyond the second decimal place in the 
table, although the third decimal place was used in making the 
interpolations. 
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14 54 63 67 12 76 x9 
85 991.1503 1 MD 1.1512 1.1516 1.1520 
1.1516 1 1.1530 34 43 47 51 
17 61 65 74 78 2 
7s 92 41.1618 
L.1609 1.1625 1.1628 ) 1 
41 54 59 76 
86 "2 94 31.1707 
«BB 1.1703 1.1717 11721 38 
80 1 34 48 a6 | 69 
56 60 65 79 31.1800 
87! 91 96 1.1810 1.1819 | i 31 
71:1.1818)1.1823' 1.1827 41 50 |_| 62 
68 58 72 81 
65 89 1.1903 1.1908 1.1912 5 
1921 | 34 39 4: 
59 65 70 74 | 7 
56 |_| $6 1.2001 1.2005 8 
53 1 1.2028 32 
59 63 67 vp 0 
7 44 1.2121/1.2125 1.2130 3 2 
41 1 a | 56 61 6 3 
38 | 87 92 96 | a4 
35 14 1.2218 1.2223 1. 222° 
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FACTORS OF EVAPORATION, 
Prea. 


105 + 110+ 115+ 120 + 135+ 140+ 


145+ 


Press 
Feed 
Watl'r 


212)1.0397 


200 
206 
203 
200 
17 
194 
191 
18S 
IND 
176 
173 
167 
164 
161 


158 


7 
4 
2 


] 

a 


1 


oS 


Ibs. 115 


1.0429 
60 


Bu 
70 
1 .0502)1. 
33 
65 
961. 
627 
59 
WO 


.0722 


~ 


53 

S4 
1, 

17 


‘ 


1.0806 

1.0900 1 
31 

1.1025 


& 


1201 


1526 


1606 


150 


OF EVAPORATION. 


1.0407 1.0417 1.0427 1.0436 1 


49 

0511 

43 

74 
0606 1.0615 

37 17 

69 78 
OF00 1.0700 

31 

4 


OS825 


oS 


57 

SS 
0919 1.0929 


6907 


67 


99 1. 


1 


0624 


S7 


1 


os 


1. 


1.12101. 


.1108 1. 


1219 1.1228 


941.1304 1. 


35 


66 


971 


91.1429 
60 
911 


013 1.1522 

1.16161. 
17 


oe 


Os 


1.1709 1. 


.1908 
39 
70 

.2001 1. 


31 40 
62 71 


931.1802 1. 


2011 1.20201 
42 51 


73 $2 


.2104 1.2118 


2228 


35 
66 
97 


44 
76 
1.2207 
38 


1.22 


18121. 
74 
1905 1. 
36 
67 


98 1. 


. 2029 


.2100 1. 


0915 


» 
2225 


1.0453 1, 


76 
O508 


70 


85 


48 

re 
1 
33 
65 
961. 


90 
1. 
53 


0924 
S7 

1018 

111” 
43 
re 


.1206 


47 
7s 
1069 1. 
4] 


3d 


68 


1509 
71 

1602 
34 
65 
961. 


~)* 


58 
89 

1820 1. 
R 
&3 

1914 1.1922 
45 
76 

2007 1. 
38 
69 


47 
78 
31 
63 
941. 


40 


71 


33 
56 64 


06101. 


0718 


0462 1. 


0501 1. 
1.0516 1.0525 


155 


04701. 


oe 
oe 


64 


961. 


0027 


44 


76 


1, 


70 
1. 


58 
9) 


OS815 1. 
47 
78 
O909 1 


1. 


Wo 


O478 1. 
0509 1.05 


0604 1. 
35 
66 
1.07 


49 
80 


10111. 


1019. 


.1316 1. 32 


47 


~ 


-1409 1. 


.1806 1.18 


oe 


69 


.1900 1. 


1417)1. 
49 
SO 


-1511.1.15 


42 


. 1605 


36 
67 


.1729 


1908 1. 
39 
70 


2001 1. 


2016 1.5 


2109 1.2 


2202) 1.2% 


1 


60 
91 


.1823 


54 
85 
1916 

47 

78 
2009/1. 


2208 


ox 
oo 


150+ 
7 
|_| 
|| 
= | 
= 
31 
62 
14 
1.0925 
|__| 
| 72 1046 5 
35 14 3 971.1105 1.1118 
66 76 041 1120 1.1128 36 44 
97 1.1107 1.1116 1.1126 |_| 51 60 68 
1118 1.1129 &3 991.1207 
50 60 1 12141.1222 1.1280! 
1212 1.1222 oY 76 1.1200. 
43 58 91 1 
1306 1.13161. 53 6 70 |_| 
37 17 = S4 311411 
6S 78 1.1424 32 
99 1.1409 1. 3S 64 
14331 41 69 951.1503 | 
6 72 15001, 1518 1.1526 34 
(-104:1.1524 34 62 SS 97 1M 1.1612 
65 941. 1611 1.1620 1.1628 13 
1625 51 59 | 
951.1618 1.4 56 x2 90 
49 705.1.17131.17211 37 
86 1.17101. 1) 99 
771.1804 = 
74 
68 1917 1.1927 62 
6B 1.1 4) 58 93 1 
62 L024 32 40 48 
86 94 1.2102:1.2110 
53 53 (33 | 911 117 1.2126 34 
50 84 | 2123 18 57 65 
44 16 56 2219) 1. 2297 
41 77 87 50) 58 
38 1.2208 1.2219 | 17 81) 89) 
B35 40 50 = 0991014 
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HEAT UNITS IN WATER, BETWEEN 382° ANpD 212° F. (reckoned from 32° F.) 
AND WEIGHT OF WATER PER CUBIC FOOT. 


TURE. Heat Units. Ibs. perce. ft. TURE, Heat Unit lbs. per ec. ft. 


i 
1 
2 
2 


the 


ion 


33. 1. 62.42 56.05 62.15 
2. 62.42 89 57.05 62.14 
35 | 3. 62.42 90 58.06 62.138 
; 36 4. 62.42 91 59.06 62.12 
37 5. 62.42 92 60 06 62.11 
| 6. 62.42 93 61.06 + 62.10 
39 62.42 4 62.06 62.09 
40 8. 62.42 95 63.07 62.08 
41 9. 62.42 64.07 62.07 
42 10, 62.42 97 65.07 62.06 
433 62.42 98 66.07 62.05 
44 62.42 67.08 62.038 
™ 45 | 13. 62.42 100 6808 62.02 
46 14. 62.42 101 69 08 62 01 
17 18. 62.42 102 70.09 62.00 
48 16. 62.41 103 71.09 61.99 
| 49 17. 62.41 104 72.09 61.97 
. 50 18 62.41 105 73.10 61.96 
: 51 19. 62.41 106 74.10 61.95 
52 20. 62.40 107 75.10 61.93 
53 21.01 62.40 108 76.10 61.92 
22.01 62.40 109 77.1 61.91 
: 55 23.01 62.39 110 7s 61.89 
56 24.31 62.39 111 61.88 
57 25.01 62 39 112 61.86 
58 26.01 62.38 113 61.85 
59 27.01 62.38 114 
60 28.01 62 37 115 &: 
61 29.01 62.37 116 
62 30.01 62.36 117 
63 31.01 62.36 118 
64 32.01 62.35 119 
65 33.01 62.354 1: 
66 54.02 62.34 1: 7 
67 35.02 62.33 1: 
68 36.02 62.33 1: 
69 37.02 62.32 1 
70 38.02 62.81 || 1: 
39.02 62.31 126 94 61.63 
92 40.02 62.80 127 95.1 61.61 
73 41.02 62.29 128 ‘yt 61.60 
; 74 42.03 62.28 129 | 97.19 | 61.58 
vis) 43.03 62.28 130 98.19 61.56 
76 44.03 62.27 1 | 99.20 61.54 
i 45.03 62.26 1 100.20 61.52 
78 46.03 62.25 1 101.21 61.51 
79 47.03 | 62.24 1 102.2! 61.49 
80 48.04 62.23 1 103 .22 61.47 
$1 49 04 62.22 136 104.22 61.45 
82 50.04 62.21 1 105.23 61.43 
838 51.04 62.20 13 106.23 61.41 
7 84 52.04 62.19 139 167.24 61.39 
8 53.05 62.18 140 108.25 61.37 
54.05 62.17 141 109.25 61.36 
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Wereur, TEMPERA- 
TURE, Hear Ibs. perc. ft. TURE, | 


Heat Units. | per ft. 


111.2 61.35% ( 47.5: 60.! 
61.% 60.55 
605: 
61.26 DOL 
61... 60. 
61.2% 60.46 
61. 60 
G1.18 60. 
60 
60.37 
60: 
60.3% 
60.5 
60.2 
60.25 
60.22 
60. 
GO. 
60.12 


St 


=F 


(m 


6 


BIS 


2 
4 
4 

43 
44. 


aL WATER AND STEAM, 


(Reckoned above 32° Fahrenheit.) 


Gauze | Absolute Temperature Heat Units Heat Units —- Latent Heat 
Pressure. Pressure Fahr. in Steam. in Water. of Evaporation. 
ib. per sq. in. Ibs. per sq. in. i. h. H—h. 


1146.6 965. 
1146. 964. 
1147.§ 962. 
1151.45 954. 
1155.1: : 945.8% 
1158.2 938.5: 
1160. 932.1! 
1163. 356. 926. 
1165. 921. 
1167.6 ‘ 916. 
1169. 15 912. 
1170.14 2% 910 


| 
1435 
144 
145 
146 
147 
148 
149 
150 
151 q 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 10 
164 OF 
165 05 
166 8 60.02 
167 9 60.00 
168 ‘0 59.97 
169 1 59.95 
170 59.92 
171 4 59.89 
172 5 50.87 f 
173 6 59.84 @ 
174 59 R2 
175 59.79 
176 59.76 
177 
4 
| 
0. 14.696 212.00 ) 
0.304 15 213.03 
1 + 16 216.30 ; 
5 + 20 227.92 
10 4 25 240.00 ; 
15 + 30 250 25 
20 4 35 259.18 ’ 
25 + 40) 267.12 “ 
80 4 45 274.30 ; 
35 + 50 280.85 
40 4 55 286 . 90 
42 + 57 289.11 4 
i 


| 


TABLES FOR FACILITATING CALCULATIONS OF BOILER TESTS. 


Pressure | Pressure 
Ib. per sq. in. Ibs. per sq. in. 


| 
Gauge Absolute Temperature | Heat Units Heat Units Latent Heat 
Fahr. | in Steam. in Water. | of Evaporation. 
1. h. H — h. 


59 291.4 170.38: 261 .7$ 
61 293.6 117 264.02 907. 

7 905.95 
904.46 
903.7 
903. 
HOO. 
HOO 
SOO. 5: 
RON 
S08 
SO7 5: 
895. 


tee 


893.7 
893. 
&92 
891.2 
S80). 5: 


1180. 


a4 
wt 


~ 


309.5 

310. 

310.8: 
311.4! S74. 
312.1 873.61 


44 + 
46 4 
4S 4 | 
DO 4 
d1 4 
52 4 
53 4 
+ 
oo + 
56 4 
+ 
os + 
59 4 
60 4 
61 + 
62 + 
63 + 
64 + 
65 + 
66 4 
j 67 4 $13.52 56 284.47 
68 4 88 | 314.36 285.33 
69 4 s4 315.20 1178.07 286.19 
70 + 85 316 02 .33 287.04 
+ 86 316.84 387.88 
72 + 87 317.65 .82 288 .72 
+ 318.45 1179.07 230 54 
74 4 so 319.25 31 200.36 
75 4 90 820.04 291.18 S88 .38 
76 4 91 320.82 79 291.98 &S7.81 
4 92 32160 292.78 887.25 
78 4 93 $22.37 . 26 293.57 
79 + 94 323.13 49 294.36 
80 4+ 323.88 295.14 885.59 
81 4 96 $24.63 95 “95.91 885.04 
82 4 $25.38 1181.18 206.67 884.51 
83 + 326.11 Al 2907 .43 883.97 
84 + 99 826.85 298.19 &83.44 
85 4 100 $27 .57 8) 882.91 
86 + 101 B28 29 1182.07 299.68 882.39 
87 + 102 329.01 300.41 
88 + 103 329.71 | $01.14 
8) + 104 330.42 B01 87 
90 + 105 331.11 .93 302.59 
91 4 106 331.81 1183.14 303.80 
92 + 107 332.49 .30 | 504.01 
93 + 108 333.17 304.71 
94 + 109 | $33.85 | 305.41 
95 4 | 110 | 334.52 | | 306.10 | | 
96 4 } 111 335.19 1184.17 | $806.79 | 877.3 
97 + 112 335.85 307.48 876.90 
98 + 113 336.51 308.16 876.42 
99 + 114 837.17 308 } 875.94 
100 4 115 337.81 97 
; 101 + 116 338.46 1185.17 
102 + 117 239.10 
103 + 118 439.74 
A 


Gauge 
Pressure 


105 4 


t 


4 


te Cl 


+ 
7 + 
ees 
+ 
150 + 
155 + 
160 + 
165 + 
170 + 


205 + 
220 + 
235 + 
250 — 


Absol 


Pressure 
Ib. per sq. in. Ibs. per sq. in, 


220 
235 
249 
264 


| 


) 07 
344.08 
5,28 


ute Temperature 
Fahr. 


72 
24 
360.75 
SOL 26 
TT 
362 
362.78 
28 
363 77 
364.76 
365.26 
365.74 
S70 51 
372.82 
375.08 


44 389.84 
.14 395.438 
83 400.76 


405.8 


Heat Units 
in Steam. 
H 


1192. 


1193. 


1194. 2: 


1195 


1196. 
1197. 


1204. 


1205. 


1199. 
1200.8 
1202.53 


1198.32 


| 
j 
| 
| 


S 


| 


Heat Units 
in Water. 


» 


TABLES FOR FACILITATING CALCULATIONS OF BOTLER TESTS. 


Latent Heat 
of Evaporation. 


h. 


93 


11.00 04 312.79 873.16 
106 + | 121 341.62 1186.13 313.43 872.70 
107 + 122 342.24 32 314.07 $72.25 
108 + 1233 342.85 314.71 S71.80 
109 + 124 $15.34 S71 .36 
110 + 97 S70.91 
111 + 1187.07 60 870.47 
113 + | | 43 3 859.60 7 
114 + 61 5 869.17 
115 + ote OO ot S68. 74 
116 + 131 347 64 97 319.66 86S. 31 
117 + 132 348.23 $20.27 867.88 
133 BASSI 320.87 867.46 
119 + 134 349.28 $21.46 87.04 
120 + 349 $22.06 866.62 
121 + 136 52 322.64 816.21 
137 SOL.O9 1180.02 $23.23 865.79 
138 351.75 19 325.81 865.38 > 
139 392.21 $24.39 864.97 
140 $52.77 4 $24.97 864.57 
141 32 70 $25.54 864.16 
142 353.87 87 326.11 S63. 76 
le 143 | $54.42 1190.04 B26 .68 863 36 
129 4 144 354.96 20 $27.24 862 96 
150 4 14) $55.50 oe $27.80 862.57 
131 4 146 O04 36 862.17 
132 + 147 356.57 $28.91 861.78 
+ 148 357,11 329.47 SOL 
+ 149 357.64 1191.02 330.01 861.01 
135 + 150 18 330.56 860.62 
136 + 151 358.68 24 
37+ | 153 359.20 50 331.64 $59.86 
188 + 153 352.18 859.48 
1380 4 | 154 $32.71 10 
140 + 155 333.24 858.73 
141 333.77 858.35 
| 334.30 857.08 
334.82 857.61 
100 | 856.87 
161 856.51 
162 0 856.15 
163 } 1 855.78 
ite! 2 855.42 
165 855.07 
170 | 3 853.29 
SOL.57 
180 | 8 R40 87 
185 3 48.21 
190 | 3 846.58 
195 844.99 
200 354.89 843.43 
357.06 841.90 
359.18 840.40 
363.51 837.34 
369.34 833.21 
874.91 829.26 
t 


SOUND CASTING. 
BY THOMAS D. WEST, CLEVELAND, ONIO, 


THE term sound is of far more importance than any other which 
can be applied to designate a good casting. 
A sound casting can seldom be judged by its outward appearance. 


Cope 


Feeder Feeder Feeder 


Fig.31. 


The smooth skin is often nothing but a shell covering defectiveness, 

and not until a casting is broken is its soundness known. 
Soundness is often of more value in determining the strength of 

a casting than the quality of iron of which it is made. A casting 

made of the best of strong iron can easily have its strength an- 

nulled through inner detectiveness. Almost all machinery castings 

are more or less liable to contain holes from sand, shrinkage, or 

t 


= 


SOUND CASTING. 


Often castings are so constructed that even were the 
moulder to turn them out free of sand or blow-holes, the shrink- 
age-hole would show up, were the casting to be broken, despite all 
the feeding he could do; the reason for this is best shown through 
an explanation of Fig. 29, 


bl sles. 


Ilere we have, as is often the case, a 
heavy and light part connected. Now, were it always practicable 
to have the heaviest part the uppermost, as seen at Fig. 30, so as to 
be accessible for feeding, then the moulder could justly be blamed 
were the casting not sound, 

No doubt every engineer will at a glance perceive the difficulty 
attending obtaining the perfect soundness of such a section as 
Fig. 29. Here we have the heaviest portion surmounted by a light 
body, which will become set much the soonest. The light part hav- 
ing frozen, any feeding-head that may be over it cannot be of any 
further benefit in supplying the lower heavy portion to feed its 
solidifying crust—which, by the way, in many cases, mAy not have 
begun to set until after the upper light part has soliditied. This 
lower body having nothing now left to draw from, will draw metal 
from. its uppermost liquid portion, which in such a section as 
shown, would leave cavities which would weaken the casting at A. 

In practice when such sections as at Fig. 29 are thought to be re- 
quired to stand much strain, it is best generally when practicable to 


have an enlargement made as seen at 2, Fig. 31. This gives a body 
< ‘ 


which by means of a feeding-rod and by occasionally pouring hot iron 


in the feeding-head will remain in a fluid state as long as the heavy 
portion. This accomplished, it can be readily seen that a cavity as 
cat A, Fig. 29, is prevented from being formed. 

Now it is by no means practicable to attain soundness in all 
castings by this means, for there are many moulds in which the in- 
tended form of the casting would be made almost unrecognizable 
were they to have all their heavy sections thus reached and fed by 
risers. Attending this is often the impracticability of placing over 
three or four feeders upon a mould, for often the bars of the cope, 
chaplets, binders and weights will not permit of using any more. 
Then, again, were it practicable to have a cope filled with feeding-— 


heads, there are many castings which, in order to be sound would 


require that more men be taken off from the work of “running off — 
the heat ” than foundries at casting-time can generally spare. 

It is very evident from the shapes of existing patterns and cast- 
ings, that but little thought has been given to this element involved | 
in obtaining an entirely sound casting. The best place to study © 


= 


| 
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96 SOUND CASTING. 


this error is at the “scrap pile.” There one ean find the shrink- 
hole in many forms, Often fillets which were intended as factors for 
strength will be found to be exactly the reverse. The greater part 
of machinery castings made, are more or less filleted, and some 
designers have the idea that the larger the fillet the greater the 
strength given. In cases where the fillet is fed by other metal 
than that contained in its central body this may be true. Often 
fillets are not accessible to be fed by other than the metal contained 
within its own body, and therefore, as illustrated by Fig. 32, a large 
fillet in such cases may often be a source of unsoundness. 


A well-proportioned casting should not always be considered only 


from the standpoint of the strains which its respective parts have to 


stand. While it is often true that some part may be very light in 
comparison with others, it is more often better that the light part 
be made heavier in excess of what its strength requires in order 
that straing may be avoided as wellas “ draw holes,” caused through 
unequal thickness of parts. 

To give some data as to what extent ordinary cast iron will 
shrink, I have lately been experimenting with round balls of different 
diameters. The sizes of these were respectively about 47,537, 63°, 
and 103”, Two of each size were cast at three different heats, 
thus making altogether 24 balls, and of these 12 were cast without 
any feeders, while 12 had them. The feeding heads for 4” balls 
were 24" diameter; for 53” balls, 34" diam.; for 63” ball, 4’ diam. ; 
for 103” ball, 5” diam. 

For the first three sizes, the height of head from the flask joint 
up to the top of gate was 9”,and for the 103” balls the head was 
12”. The gates which admitted the metal into the moulds were 
cut broad and very thin, in order that they should freeze a few 
moments after the mould became full, thereby insuring that metal 
did not enter through the pouring gates to supply any shrinkage. 
In pouring these balls, the iron was medium hot, and the gates 
were filled up to the heights given. The balls having the feeding 
heads were * churned ” until they solidified. 

In cleaning the castings, the feeding heads were chipped off so 
as to preserve the spherical form of the balls as much as possible. 

This statement withreference to the manner of mouiding and 
casting the balls is simply given to show the conditions under which 
the tests were made. 

The following is a table giving the weights of the balls and the 
difference between the fed and the unfed balls : 
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FIRST HEAT. 


Mixture of iron 200 bs. ordinary No. 2 pig and 400 1b. scrap. 


PERCENTAGE OF 
SHRINKAGE FOUND SHRINKAGE, 


DIAMETER OF 
BALLS 


Ibs. 12 oz. S lbs. 10 oz. y Z. 1.428 


0.906 


SECOND HEAT. 
MIXTMRE OF IRON. 


100 Ibs, N , Bessemer. A strong coke iron, 
100 Hubbard. 
Pine Grove. charcoal iron, 


500 ** Machinery serap iron. 


DIAMETER OF PERCENTAGE oF 
BALLS UNFED. SHRINKAGE FOUND, SHUINK AGE, 
| 


8 Ibs. 134.02z., Ibs, 12 oz. 1} 02. 1.060 


52” * 20 1.201 


103” 149“ 12 | 148 « 21 0.876 


This second heat was poured with middling fluid iron, 


THIRD HEAT. 
MIXTURE oF Iron. 
400 Ibs. No. 1, Hubbard. A strong coke iron, 
Machinery serap iron. 


DIAMETER OF PERCENTAGE OF 
BALLS. cD. UNFED, SHRINKAGE FOUND. SHRINKAGE, 


8 Ibs. 143 oz. 8 Ibs. 124 oz. 


1.375 
<i tw. 
” 
4 24 oz. 1.576 
58 20. 14 « | 29. 1.272 
103” ion “ « is« * 0.752 


SOUND CASTING. 


In ‘this ‘third “heat, with the exception of iin 1 103” balls, they 
were all poured with a more fluid metal than was used in the two. 

upper heats. This I would assign as the reason for the 637, 53”,— 
and 4” feed balls being heavier than any of the others, as shown. 

In classing one heat against another, the mixtures of the iron 
“must be taken into consideration. Balls from each of the respec. 
tive heats were split in order to learn, if possible, the cause of the 
dissimilarity of weight most noticeable in the smaller sizes. 

The ents at Fig. 32 partly illustrate the fracture of the split balls. 


FED Fig.32a UNFED 


~The three smallest sized unfed balls showed a very open grain at— 
their centers, gradually increasing in density towards the shell. 
The unfed 10 — balls were not only very porous at their ae 
but contained large holes as well. The flat place seen at K — 
about how the top part of the unfed balls looked. This was of 
"paar formed while the crust remained fluid enough to supply 
shrinkage. After the crust became set, the balance of shrinkage 
was then drawn from the innermost fluid portion of the balls as 
proved by the porousness and holes found when the balls were 


split open. The fed balls were the most dense in the middle, 


most porous part of them being about midway between the shell 
and center, as seen in the cut. The density of some of the fed 
balis at the center was remarkable, and was a clear explanation o 
the cause of their variation in weight. This center-density was, n¢ 
doubt, mainly caused by the pressure exerted by the feeding rod, and 
the occasional supplying of the feeding heads with hot iron. When 
feeding a casting the feeding rod at the latter end, is more or less 
enlarged, caused by molten metal sticking to it. This may be 
knocked off or a new rod used, but whichever way is used there 
will exist variations in the manipulations of feeding sufficient to 
; cause the dissimilarity in weights seen. It seems reason: ible to 


| 
i] 


assert that a thick feeding rod should exert more of a pressure 
and disturbance than a thinner rod,and that the smaller the ball the 
more effect could be produced. 


e 


In moulding these balls I was very careful in all the manipula- 


5) 


tions performed. The ramming, venting, drawing of the pattern, 


and gating, were as near alike as study and care could make them. 


In feeding, attention was given to the procuring of solid castings. 
The 103” ball would occupy from fifty to sixty minutes to be fed ‘ 
solid, and although these largest balls show about the lowest per- 


d 
centage in shrinkage they no deubt give the nearest approxima- : 
tion that it would be practical to assign to shrinkage in the general ] 


run of castings, which if called 1 Ib. to the 1 ewt. of casting, would 


not be far out of the way. 


TESTING MACHINE. 


While it is essential that a casting should be fed solid to be 
strong, the temperature of the iron used is also a factor for considera- 
tion, 


Some time ago I made the assertion that metal poured at a dull 
heat would produce the strongest iron. Having made this asser- 


tion, there could be nu one more anxious than myself to have seen 
this kept a maintained fact. Mr. Gardiner, foreman of Pratt & | 
Whitney's foundry, at Hartford, Conn., has informed me _ that, 
through experiments which he had made with test bars, poured 
dull and poured hot, he found the hot-poured bars the strongest. 
Thinking that I might be in error, from the fact that the tests I 
had made were but few and crudely performed (as can be seen from 
the description then given), I desired to give the question a thor- 
ough test. Having no testing machine, I devised the simple affair 
shown in Fig. 25 for the purpose of dealing with the subject. In 


| 
| 
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using this machine, bars 1” square x 24" long were tested. In- 
all tests the hot-poured bars stood the greatest load. To make sure 
that my machine was working correctly and to know what the re-— 
sults would be were heavier bars used than 1” square, | had some 
patterns made, measuring and 14° square by 24" long. 
When cast, they were taken into the machine shop and accurately 


planed up to the respective sizes, 4", 34", 2", and 1” square. The 
a. following table shows the strength of the dull and hot-poured bars_ 
-as found by tests taken by an Olsen machine at the Ohio Steel — 
Works, Cleveland, O.: 


SECTION OF BARS. BREAKING SECTION OF BARS. BREAKING 
24 INCHES LONG. LOAD. 24 INCHES LONG. LOAD, 


4 square. Hot 56,180 2° square. Hot 9 520 
4 Dull 49,830 2 Dull 6,400 


Hot 388 470 Hot 1,050 
Dull 36,460 1 Dull 1,020 


Hot 7,560 | 1,130 
Dull 6.340 1 “ig | Dull 960 


Hot 8.650 a 
Dull 6.810 


The above bars all showed a perfect fracture, with the exception 
of the 34” dull bar, which showed a honey-combed center. These 
34” bars were intended for 4," but as soon as the skin was broken 
when planing them * blow-holes” were seen, and thinking that 
were the bar planed down they might disappear, the machinist was 
instructed: to make the bars 3) sq. As every cut revealed fresh 
holes it was found no cleaner at 34” than at the 4° square, 

These blow-holes were readily accounted tor by the fact that the 
iron with which this bar was poured was so dull that it would hardly 
flow out of the ladle. It was purposely so poured in order to learn 
how it would stand for strength. The result as shown will no doubt 
be a surprise to many as it was to me, for although this bar showed 
such a bad fracture, we see that it stood within 1,510 lbs. as much 
as the hot bar whose fracture was perfect like all the others. It 
might be well to state that these test bars were cast vertical in order 
to insure their being sound and clean. There would be two bars 
of the same size moulded, and after one was poured with the 
hot metal direct from the cupola, the ladle would be allowed to 


stand until the balance of the metal was just dull enough to insure 
we 


that the casting should run up full and square. T have omitted the 
mixtures of which the respective bars were made, for the reason 
that a knowledge of them would be of no assistance in determining 
the end sought. 

Sinee making the above tests it has oceurred tothe writer's mind. 
his pirst riments which showed dull iron to make the strong- 
— est bars were affected by th. Tact of the frst test bars In ing poured 
with metal which 18, AS stated, agitate with wrought-iron rods. 

The above bars we re all poured with tron which was not in any 
way agitate d the tal left to cool on naturally. The refore 
the first lest may not he in and may simply goto show that 
it is henetteial agitate hot metal with mrought ron-rods. 


Before closing IL would respectfully call further attention to the 
machine shown in Fig. 28, 


This machine was first originated for the purpose of aiding me 
to determine the strength of the 1” sq. bars above mentioned. As 
some such machine would be found very useful to many, I studied 
tomake it as presentable as possible. The weight of the whole 
machine is only about 80 Ibs., and any one who may choose to give 

it a trial would, I think, be pleased with its workings, especially 

in view of the amount it would cost to make one (which should not 

exceed &6.00). The machine is most adapted for testing foundry 
mixtures of iron, and new brands of pig iron. As seen it will re- 
cord the three essential points which foundry men ought to know 
about their iron. 

The first is the contraction of the iron. an 

The second its deflection, 

The third its sti ngth, 

In obtaining the contraction, the pattern A from which the test- 
bars are to be made should be just the length of the distance be- 
tween the standpoints BB. Then when the bars are cast, all that is 
necessary after one is set in place is to keep it tight to one end and 
the space at the other will give the contraction. 

For obtaining the deflection, a piece at F has a slot through which 
a thumb set-screw binds it against the stand H. Before com- 
mencing to screw down upon the bar A, the piece F is set down 
upon the ratchet-wheel K, and being secured by means of the 
thumb-screw above mentioned, it will, of course, remain stationary. 
Then when the bar A breaks, its deflection can be told by the space — 
between F and the top of the ratchet-wheel. The two arms which F- 
is seen to have are for the purpose of holding a small 2” iron rule, 
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divided into fifty or 100 parts, and there are slots in the arms for 


the purpose of holding the rule. 

To obtain the strength, the load is applied by means of the serew 
E, which is 11’, having 9 threads to the inch. In the bottom of the 
screw there isa steel pin, having a bearing surface of about 1” 
The ratchet-wheel K is of course secured to the screw E, and a part 
of the serew projects up above it so as to leave a pin for the ratchet 
lever D to work upon. The lever D is provided with a ratchet pawl, 
so that the operator can stand in the one place while working the 
screw. Behind the pawl is a spring so as to force it into the teeth 
of the ratchet. At §S is a sliding band, which when pulled back 
releases the hold of the spring upon the pawl, thereby allowing the 
ratchet-wheel or screw to be turned back without removing the 
lever B. 

At the end of the lever is a common 25 cent spring-balance scale. 
Across its face at R is titted a thin piece of brass or copper plate. 
A wire is inserted in a smal] hele which is drilled through the lit- 
tle pin of the balance which indicates the pounds, this wire project- 
ing out from this pin upon each side alike. Then when pulling the 
balance, this wire squarely pushes up the registering plate R, so that 
when the piece to be tested breaks the plate will register the load. 

The length of this lever from the center of the screw to the 
point from which the balance pulls is 18”. The reason for having 
the balance lying in the semicircular frame P is simply to in- 
sure that the pulling is always done in the one direction. The 
scale used with this is the 24 lbs. scale, and a load of 1,200 Ibs. 
(which is about the strength of ordinary cast iron when tested in 
such sized bars as shown) exerted upon a bar to be broken will but 
show about 12 lbs. upon the scale. 

In using this machine, were it desired to graduate the scale so as 
to know in actual pounds what load was being applied, all that is 
necessary is to set the machine upon some rolling platform scale 
which will weigh about 2,000 lbs. After the machine is bolted or 
clamped te the lower frame of the scales, and the weight of the 
machine noted, then turn down the screw, and as the beam of the 
platform scale rises, mark off upon the face of the spring balance 
at every hundred a straight mark. Then after going as high as is 
desired, the hundreds can be subdivided if preferred. Now I know 
that many will object to the use of the screw as a feature of this 
machine. The machine is certainly one that could not be used as 
a standard, but it will answer to let a shop know the relative strength 
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of its irons. If the screw is an easy fit, kept clean, and well 
lubricated, the machine should for such a cheap wtekie give good 
approximate results. At least the deflection and shrinkage are two_ 
things which could be counted upon as positive. 


When making the test bars, they should be run by means of 
skimming gates, and in moulding them care must be exercised in 
order to have the bars come all alike. The bars I used were made 
in a flask which had a flat iron bar mortised into each end of the 
nowel, just as far apart as the pattern is long. By this means the 
moulds could not be lengthened through any rapping of the 


pattern. 

— To know the strength of iron and the amount which it will 
shrink, is certainly a point of value in aiding to make strong, 
sound castings 3 and while it is often impossible to know whether a_ 


casting is sound until it is broken, we may, through a knowledge 


of the mode adopted in making it, often be guided in placing con- 
fidence as to the strength and soundness of the casting produced. 

it should not be always looked upon as the culmination of skill 
to make a casting * peel” and be smooth. | Many castings are. 

more easily produced smooth than sound, and the skill and ex- 
perience generally required to make sound castings will often rank 
far above that required to make them smooth, 

* 

Mr. Barnes.—It is a matter of great interest to many of us who 
use castings fo learn in this way from Mr. West that there are 
those among foundrymen who seek with constant and well-directe d 
effort to make something that is thoroughly good in itself. There 
is such a thing as merely making something that shall sell, and it— 
is another and a more important thing to make that which sh: ul 
be good in itself. 

Mr. Randolph.—t would like to ask Mr. West if he has noticed 
any great difference in the shrinkage of different qualities : 
cast iron. A few days ago I noticed some driving-wheel centers ; 
one or two were of very soft iron, the others very hard. I fi mand 
they were cast from the same pattern, by the same man, in green- 
sand moulds. The hard wheels were seven-sixteenths of an inch 
smaller, being forty-four inches in diameter. 

Mr. West.—That would about accord with the experience of 
almost every foundryman, that hard iron, as a general thing, 
shrinks more than soft iron. 


| 
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Mr. Stetson —I supposed the only ones who knew anything 


about cast iron were those who used it. I am exceedingly an- 
noyed by poor castings, and am glad to see it recognized that the 
foundrymen do know something about it. I would like to inquire 
if there is any progress being made in the method of casting un- 
der pressure. This method (I mean air pressure) was invented in 
this country and applied to casting ear-wheels. I have been in- 
formed that Whitworth used this method in easting his larger 
gauges, and on their being broken they show a very fine fracture 
the grain is fine and looked strong. I should like to know if 
there is any possibility of making a sure thing of cast metal by 
the introduction of this method. 

Mr. West.—I believe they have cast cannon under hydraulic 
pressure in some parts of Europe; bnt in this country there is 
nothing that I know of that is any way modern in reference to it. 

The only way that ordinary foundrymen have of applying pres- 
sure to moulds is by the height of gates or heads. I believe that 
somewhere in Europe they had some large pipes to make that had to 
stand enormous pressure, and they were to be cast of a mixture of 
wrought iron, steel and cast iron. This was melted in a cupola, 
and in order to make that metal sound it is said they put about 
from nine to ten feet of a head upon the mould. Pressure may to 
an extent be created by feeding. As shown in thiat ball there, 
the metal in the one that is fed is very close and dense, and in 
the working of the rod, as stated in the paper, it sometimes vets 
very thick and acts like a plunger, thereby in a sense exerting « 
pressure upon the cooling metal. That, probably, is to a great 
extent the cause of the fineness of the iron seen in the fed balls. 

Mr. Durfee. cliurning a casting as large as that, does not the 
feed rod waste away to some extent and get incorporated with the 
substance of the iron forming the center of the mass of the casting ? 

Mr. West.-—It does at the beginning, when the iron is very fluid. 
At first it will burn the rod away. 

Mr. Durfee—There will be a number of inches of the rod which 
will actually disappear ? 

Mr. West.--In some cases; if it is a very heavy body of iron, it 
will eat it up. 

Mr. Duvfee-—That wrought iron must be incorporated with the 
iron that is fed and modify the composition of the center of the 
casting. It would be an interesting investigation to lave some 
suimples taken out of the centers of those castings and analyzed, 


combination of the wrought iron with the soft cast iron would 
tend to harden the cast iron. 

Mr. West.—It may to an extent, but I think the influence is — 
very slight. A great many castings are ill-fed because of the | 
moulders’ carelessness in not watching their rod. 

Mr, Durfee.—The point I raised not be an important one 
in large castings, but in a casting of the size of that before us, — 
there might be, and I think would be, a slight difference in the — 
composition, due to the combination of the melted churning-rod 
with the cast iron, the relative amount of carbon in the center of 
the casting being diminished, and the hardness of the center con-— 
sequently increased. 

Mr. Barv.—The subject of sound castings is one of great inter- 
est to manufacturers, and Iam sure all will appreciate the efforts 
of Mr. West in determining the best methods of making such ecast- 
ings. I have endeavored for a long time to arrive at some sort of 
conclusion with reference to the proper selection of irons for the 
particular class of work T have had to execute. This particular 


line of selection has been followed, believing that a proper admix- 
ture of pig iron which will produce a neutral casting has more to 
do with the turning out of sound castings than anything else, as- 
suming the mould to have been properly prepared, of course. I 
is not easy to tell by fracture merely what irons will make a neu- 


tral casting, so I have had a somewhat limited recourse to the 
chemical analysis of pig iron, thinking that would help some- 
what. The results, as might have been anticipated, were quite un- 
satisfactory. I think it a common experience that mixtures of 
pig iron to produce castings having certain desired qualities can 
be had by experiment only. Once the proper kinds and propor- 
tions of pig iron are known which will produce a certain quality 
of work, foundrymen in general will make no changes, and if for 
any reason a change is made, the following two or three heats are 
more or less uncertain in quality. Hot short and cold short irons 
do not always correct each other by melting them together in the 
same heat. LTrons which appear to be neutral in the pig do not 
always make neutral castings. 

Mr. West’s remarks in regard to moulding are good. There is 
no doubt that blow-holes often oceur in castings because the moulds 
were improperly made and vented ; but I still think more trouble 
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is experienced through an unequal or excessive shrinkage caused 


by an improper mixture of irons composing the heat than through 
improper moulding, if ordinary care be exercised. 

Mr. West.—In answer to what the gentleman has said, I would 
say that I shall never forget an incident where a moulder went to 
work and got the top iron before the bottom iron melted. There 
is a deal of skill required properly to charge a cupola. To get 
mixtures, there must be a sufficient quantity of the iron charged 
in order to get a per cent. out of it for the castings to be made 
from. Occasionally a man will go to the foundry with a casting 
weighing probably a couple of hundred, which he desires to have 
some extra good iron put into. The foundryman will promise it 
to him—there is no question about that. The iron wanted, as a 
general thing, is of some superior high-priced quality—a good 
brand. His intentions may be all right, but in order for him to 
be sure that he will get the special 200 Ibs. of iron, it will depend 
on the size of the cupola; for instance, if it was a thirty-inch ecu- 
pola, inside diameter, in order to make it sure that he would get 
his two hundred out, he would at least have to charge about eight 
hundred of iron. We do not get foundrymen, the way they are 
paid for castings nowadays, who will put over eight hundred 
pounds of expensive good iron in, in order to get two hundred 
pounds out. 

To secure uniformity of shape in cannon-shot, they are poured 
at a temperature about as dull as they can be well poured. In 


some places they turn them over so that the shrinkage will not 
settle as we see on that ball shown. If a person desires a special 
grade of iron or castings, they must get down to the root of the 
thing. They should know, if possible, what ore their pig is being 
made of; and if they find their castings are giving satisfaction, 
and they know the ore that is being used, they want to stick to 
that. The Lake Superior ore is known among many foundrymen 
as the kind to give the most contraction to iron. 

Mr. Webher.—We had some little practical experience in trying 
to get what we call printers’ roller-moulds sound, and had some 
sast by a foundry that had a very large experience in making can- 
non. I would like to ask Mr. West if he can give us any informa- 
tion in regard to making long cylindrical castings, say from three 
to five inches in diameter, and being sure to get them sound. 

Mr. West.—Were those cored rolls ? 

Mr. Webber.—Yes, sir. 


| | 
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Mr. West.—Whiat was the trouble ? 
Mr. Webber.—-The blow-holes on the inside. These rolls had 


to be bored out and polished. They were cast vertically and at 
_ angles in the effort to get them right. They were poured in every 
way. 


Mr. West,—I guess that is where the trouble was. In eylinders 
up to as large as eight feet in diameter, which we make at the | 
Cuyahoga Works, a moulder might be and let them seab, 


and after they were bored out you would not as a general thing 
~ see a pin’s-head of dirt in them. In pouring anything cylindrical 
that requires to be turned or bored, the best way to pour the 
~ mould, when practicable, is by dropping from the top. Where you 


drop the iron, there are two advantages gained. The first is, you 


always have got as “ hot iron ” filling the top portion of the mould 


as you have at the bottom ; and the second is, that this iron drop- 


_ ping down agitates and cuts up the dirt that will gather in a mould, 
and keeps it floating upon the top of the rising metal ; whereas, 
— if you pour all in throagh bottom gates, your mould may not scab, 


and the casting look splendid, but when it comes to be finished 


up it may prove to be very dirty. In pouring moulds, there is al-— 


ways at the start more or less dirt released. This dirt, combined 


with the dust and any scabs that may be started off from the sur- 


face of the moulds as the metal rises up, is apt, incylinder moulds | 


east vertical which are poured altogether from the bottom, to 
roll more or less in lumps up against the mould sides, and form a_ 
mixture of dirt and iron of such a nature as to not be detected 
— until the casting’s skin is bored or turned off. 


By the above I would not be understood as saying that all ver-_ 
tically cast cylinders should be poured from the top. There are_ 


-MImany cases where such a procedure would not be advisable, for 
the reason that with some the first droppings would cause too _ 


much eutting up of the mould’s bottom surface. To prevent this, 
some iron can often be run in through bottom gates, so as to fill 
up the mould part way before the top gates are started. This com- 
bining of top and bottom gates is, when practicable, an excellent ea 
plan to adopt, as it prevents the cutting of the mould’s bottom, and 
at the same time causes the uppermost metal to be as fluid as 
that at the bottom, and also agitates and floats the dirt up to the top, 
us deseribed above. A thorough discussion of the many points in 
evlinder casting would of course here be out of place, but never- 
theless the above few ideas may be of assistance in many cases. 
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Mr. Stratton.—Upon the subject of iron I would like to say the 
chief difficulty experienced in many foundries, so far as my experi- 
ence has gone, is from two causes. The first is the use of Scotch 
iron. In foundries here on the coast it is likely that foreigners will 
be employed, either as moulders or melters. They have an idea that 
they must have a little Scotch iron, or the mixture will not be 
good, and Scotch iron invariably tends, when mixed with Ameri- 
can iron, to produce blowey castings. I have followed this mat- 
ter sufficiently to convince me that Seotch iron should not be 
mixed with American metals. The second cause of trouble is 
found in the use of too much water in swabbing the moulds. 
The water that is applied by the moulder to build up a corner or 
smooth off a fillet remains there, and you may pour the castings 
in an hour or in five hours after—the melted metal, on coming in 
contact with the moistened or wetted surface of the mould, imme- 
diately produces steam, which later shows its action in a series of 
blow-holes in the casting. 

Mr. Durfee.—lt is within my experience that the quality of 
castings is influenced in no small degree by the behavior of the 
man who“ daubs up” the cupola. It may seem strange that a per- 
son charged with that dirty duty should have any influence on the 
chemical composition of a piece of cast iron. Many years ago I 
was interested in some very nice No. 1 foundry iron. One of the 
founders who tried to use that iron said it was “not good for any- 
thing, for it ‘sand-chilled’ an inch thick.” This statement was 
of course exaggerated, but there was no doubt at all that the east- 
ings were too hard to be finished. On investigation, I found that 
they were using a cupola of I do not know how old a construction, 
in which the holes through the fire-brick and “ daubing” intended 
to act as tuyeres, directed the blast downward at an angle of ten 
or fifteen or possibly more degrees, and the blast impinging upon 
the surface of the melted iron, removed a greater or lesser amount 
of carbon therefrom, the extent of the decarbonization increasing 
with the time the iron was exposed to the action of the blast. In 
fact, that cupola was so “daubed up” that its blast acted upon 
the fluid metal precisely the same as the blast of an old-fashioned 
refinery fire upon the metal treated therein; the consequence was 
that castings made from metal melted under the conditions named 
were always “sand-chilled.” I suggested that the tuyeres be 
turned up so that the blast would go up into the fuel instead of 
down upon the fluid iron; this they did, and castings made from 
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the same No. 1 foundry iron, with no change of conditions except 
the one named of the direction of the blast, were satisfactory in 
every respect. 


“he 


Mr. Porter.—1 have had some experience with wrought 
‘iron, in making a test, which was very much like that suggested 
in the paper. I believe, however, the general function of cast 
iron is to resist compression, But the Pennsylvania Railroad, as 
‘Tunderstand, requires as a test that a piece of east iron two inches 
square and four feet long between supports shall support a weight 
of 750 pounds. If Tam wrong in regard to that, [ should like to be 
corrected. T knew of a turn-table some time ago that required a 
certain number of track-wheels. It was ordered by the Pennsyl- 
-vania Railroad, and the founder that made those wheels had great 
difficulty in getting a east iron that would stand the strain. ‘They 
tried very good iron with very poor results. They cast and recast — 
‘it, and could not get anything to stand the test; and finally they 
approached it quite nearly by taking the rough cast iron directly 
from the cupola, and finally they succeeded in getting an nm 
that would stand the test by making cast iron mixed with quite a_ 
quantity of steel chippings, and it seems to me we get in that way 
i very poor cast iron, even if it will stand the test. It is not a_ 
cood iron, 

Mr. West.—I see no reason why, if a test is made under fayor- 
able circumstances, a sample bar should not show what the iron 
was in the casting. 

Mr. Porter-1 see none either. The only thing was that the— 
wheels had to stand a crushing strain, whereas this casting itself 
stood a transverse strain. This bar is supported at the center 
and the weight put on it. I wanted to know if that test is a suffi-- 


cient test to show whether those wheels will stand a good crushing 
strain. 


Mr. West.-That would depend a good deal on what shape the 
casting was put into—the proportions of the casting and the con- 


traction that would be caused thereby. 
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A NEW METHOD OF CONSTRUCTING HORIZONTAL 
TUBULAR BOILERS. 


BY FREDERICK A. SCHEFFLER, ERIE, PA. 


Since the early history of steam boilers, scienee, in its progress 
toward a more efficient and, at the same time, a more simply con- 
structed boiler, has been constantly nearing the perfection looked 
and hoped for, by the many changes for the better which have been 
made in the rolling of boiler plates, of either iron or steel. It is 
true that improvements have been made more rapidly in the manu- 
facture of steel plates for boilers than in iron plates, due chiefly to 
the fact that the steel plates have no grain to be considered in roll- 
ing them either lengthways or crossways for their use in boilers, 


whereas, with iron, the peculiarity of its fibrous structure is an objec- 


tion to the manufacture of large plates. 

Were it not for the superiority (as the writer firmly believes) ¢ 
steel over iron for use in boilers of all sizes, and the fact that plates 
from the smallest dimensions to the enormous size of sixteen feet 
long and one hundred inches wide can be obtained, there could be 
no possibility of a paper at this time on this subject. 

When steel can be obtained, for use in boilers, having a guaran- 
teed tensile strength of 60,000 Ibs. per square inch, an elastic limit 
of 30,000 Ibs., an elongation of 20 per cent. inan 8 inch specimen, 
and a reduction of area from 45 to 50 per cent., and which will 
also bend down close when cold, without fracture, it is very appar- 
ent that the superiority of steel over iron cannot be questioned. 
Another favorable point is, that this quality of steel is homogeneous 
and it will not blister. 

The fact that these /arge plates of steel can be obtained, caused 
this question to arise in the mind of the president of the works 
where the writer is employed: Why not construct horizontal tubu- 
lar boilers of steel in two plates only? The advantages are numer- 
ous and of the best kind. 


It is well known that attempts have been made, and these 
attempts have sometimes been successful, to make a boiler of the 
style in question with a single plate on the bottom, by hammering 


and swaging into shape. No reliability can be placed on boilers 


made by this 


method, as the iron (when iron is used) loses its 
toughness and good qualities by being subjected to such a large 


amount of hammering as must be done to form such a construction. 
Mr. D. K. Clark 


refers to some tests which he made on welded 


cece 


the danger lest it be not known positively whether the weld would 


be a substantial one or not, causes a reluctance in recommend- 
ing boilers with welded plates. 


This method is also very costly, 
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and with the uncertainty and cost combined taken into considera- 
tion, this method has been abandoned. 


By making a boiler as shown in Fig. 33. entirely of two plates 


only (except, of course, the flue sheets), the following advantages 
are apparent : 

I. By carrying the longitudinal seams above the water line (say 
two inches above the top of the flues) and closing up the brick 
setting at that height, there will be no seam exposed to the fire 
other than the lower half of the back head. This is a positive ad- 
vantage over boilers as commonly constructed, when there are from 
four to eight seams exposed to the fire. 

I]. By thus eliminating the exposure of the seams, a greater re- 
duction is apparent of the chances for a leakage around the rivets. 

I1f. The advantage of equal expansion and contraction is so 
great as to also be of great benefit, and the usual excessive strains 
are largely reduced. 

IV. For cleaning the boiler, no question ean be raised as to the 
benefit of a single plate on the bottom. There are no “rivets for 
lodgment of scale, sediment, etc., and there are no seams to inter- 
fere with a thorough scraping of the shell. 

V. There being no seams vertically, the boiler must be stronger, 
as there are no holes punched for rivets. 

This latter fact is the one, 1 apprehend, that will give rise to 
the most serious discussion of this paper. [am inclined to think 
some member will question whether one large plate extending the 
whole length of the boiler will be as strong as the same plate, cut 
into two orthree pieces and then single-riveted together. I believe 
that the former is the stronger of the two, and if the boiler is 
properly supported (as all boilers should be) there will not be any 
trouble with the boiler springing or the plates warping. 

A set of hollow rolls 16’ 4” long, in the clear, and each roll 14° 
diameter, and 23” thick, was designed some time last spring by the 
former superintendent. When the writer took charge, it was pro- 
posed pushing the matter forward as soon as possible, and patterns 
were made immediately and then put in the hands of the moulders. 

The castings were soon under way, and by the Ist of September 
the rolls were ready for the first experiment. They were geared to 
run by belting from the main line running 120 r. p. m., and the 
speed reduced to 3 r. p. m., on the rolls. Eight-inch single belting 
was used. The first sheet experimented with was for a 36° x 10 
foot boiler, and the plate was 62’ wide and 10 feet long, by yy” 
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thick, of steel. The rolls worked somewhat hard at first, being 


and they wereallowed to run twodays to stretch the belting as much 
as possible, The stretch was then taken up and the plate entered 
into the rolls, This plate went through in good shape and so did 
the top plate—the latter rolling up easier than the bottom plate, 
because the sheet had been punched for the dome and a hole cut for 
the man-lhole. <A larger plate Was tried next—a plate 12 feet long, 
gy thick—when it was found that the gearing was insuflicient for 
the work, An alteration was then made, new gears being substi- 
tuted by which the power was largely increased and 10” belts were 
used. The 12-foot plate was then rolled, The amount of power 
requiréd to roll this immense sheet of steel was entirely beyond 
expectation. When a 12-foot plate 


Ys; thick was attempted it was 
rolled entirely by “ coaxing,” 


as the belts would slip, although the 
pulleys were quite large in diameter and as wide as convenience 
would permit. The pressure exerted on each roll at its cireumfer- 
ence, or at the piteh line of the gears on the rolls (the latter being 
the same diameter as the gears), is estimated to have been 15,000 
Ibs., and was supposed to have been sufficient to roll a plate of any 
size that the rolls would take in. 

The idea of belting was at once abandoned and an engine was 
specially constructed to gear direct. 

On the 23d of Se ‘pte mniber , 1SS4, the first 60-inch builer, 16 feet 
long, 3° thick, of stecl, was constructed in two plates. This is the 
Jirst boiler of this description ever made in this country, and as far 
as the writer has knowledge, in any other country. It is found that 
a greater degree of accuracy can be maintained in getting the rivet 
holes in direct line, and thereby the likelihood is greatly reduced 
that the boiler-makers will have the chance to use 


the detestable 
drift-pin 


, that greatest of all evils in boiler construction. 

Some members may have their objections to the use of steel for 
boilers, and claim that it is so recent in the market that the method 
of handling it in manufacturing establishments is not yet sufficiently 
well developed to be relied upon. The writer heard of a gentle- 
man, a short time ago, who objected to the use of steel for boilers 
for the above reason. The manufacturers who make a specialty of 
sing this material, of course have the advantage over those who 
lise it only on occasional orders; but I do not hesitate to say that, 
since this material has been in use for upwards of eight years, there 
has been e very opportunity that could be desired for all interested 


to avi ail themselves of the proper know ledge of the handling of it. 
8 
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If locomotive boilers constructed of steel should be made with 
only one course in two plates, from the throat sheet to the smoke- 
box, there would undoubtedly be a great reduction of the liability to 
leakage and wear and tear, and probably a longer life of the boiler 
would be secured, although the fire-bex is generally the first place 
to need repairs. 

It is the writer’s belief that this new construction of horizontal 
tubular boilers will be the method of the future for this type, and he 
hopes that the few points brought forth in this paper will be of ser- 
vice in stimulating discussion and further progress in this direction. 


DISCUSSION, 


Mr. Stirling.—I notice that this paper speaks of progress in 
boiler making. We all know that the horizontal tubular boiler 
has not progressed very much. It is about the same as it was 
when I was a boy. It will be a matter of surprise to many that 
an attempt should be made at this late day to improve the eon- 
struction of this form of boiler, because some of us think that the 
horizontal tubular boiler is not a good boiler anyway. However, 
if you ask the engineers in charge of boilers, you will find that 
they universally prefer horizontal tubular boilers. So far as my 
inquiries have gone, they prefer them to any other form of boiler 
in the market, and one of the reasons of their preference is that 
they have a large area of water surface. Now, one of the things 
that an engineer in charge of a boiler attends to is his water level, 
and in most of the water-tube boilers that are built now, this is one 
great impediment to their usefulness, that the water level changes 
very rapidly, because it is so limited in area and the engineer is 
in constant fear of getting into trouble either from shortness or 
excess of water. The great defect of the horizontal tubular boiler 
is that it has a shell of such large diameter exposed to the fire. 
The locomotive engineers are striving for higher pressures of 
steam, and the shell is the weak point. It is the point that they 
find difficulty in making strong enough to stand a very much 
higher pressure than they are carrying to-day. But with all its 
defects, it seems to me that the horizontal tubular boiler is the 
best boiler that we have for stationary purposes. T have looked 
into the matter very carefully, and that is my judgment, and | 
think that the gentleman who has furnished this paper has done 
wisely in making improvements in the method of constructing 


horizontal tubular boilers. 
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I would like to call attention to a fact, in connection with the 
boiler business, and that is that the water-tube boilers are not 
used on steamships, and they are not used largely, so far as my 
experience goes, for power purposes. I would like to know the 
reason why. There have been a great many attempts and a great 

~ deal of money has been spent in trying to use water-tube boilers 
on steamships, notably in the case of the steamship Montana. 
When that vessel first came out, I think that as much as a hun- 
dred thousand dollars—I put that as a low estimate——was spent 
in the attempt to introduce the water-tube boilers on steamships. 
Now, I should be very glad to know why they are not used on 
steamships. 

Mr. CE. kmery.—I think we may very easily enlarge the scope 
of these discussions to such an extent that no other paper can 
possibly be read. The questions asked by our friend Mr. Stirling 
are of great interest, but I think they should be brought up in con- 
nection with a paper on the subject of shell and sectional boilers, 
rather than in connection with a paper that shows progress in meth- 
ods of construction. The possibility of getting large sheets of steel 
has also made it possible to make the entire lower surface of a boiler 
of one sheet of metal. All IT would add to the paper is in the way 
of warning in regard to the use of steel. There is a large amount 
of steel made annually of not the very best quality. There was a 
large quantity rejected which was furnished for the naval cruisers. 
The standards there required were very high indeed, as they 
allowed only 2.000 lbs. difference in tensile strength, required a 
high elastic limit, and 30 per cent. elongation in eight inches. Un- 
less the material will give 25 per cent. elongation it may be really 
dangerous. For boiler work it is necessary also to require that 
the tensile strength shall not exceed 60,000 Ibs. I have been 
very much annoyed in using steel from the fact that the boiler- 
makers will hammer and torture it to make the seams come to- 
gether, and thereby set up initial strains which are liable to pro- 


duce cracks. The real homogeneous steel, which is practically 
soft iron, will stand it; but if the material be not of the very 
highest quality, it will be injured by such manipulation. The 
advances in the manufacture of steel enable us to improve ma- 


chine and boiler work, but there is need of as much care as ever, 
for the reason that poor material will be furnished at times which 
must be excluded Ly rigorous inspection. 

Mr. Stratton.—In response to Mr. Stirling I would like to say that 
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he is somewhat mistaken in regard to the applications which have 
been made of water-tube boilers for uses at sea. There are now 
three vessels in the French navy with water-tube boilers, and one has 
been at sea for nearly six years, producing better results with higher 
pressure than have been obtained with the ordinary shell boiler, 
which is usually adopted in steamship propulsion. The great 
incentive and first point desired by all marine engineers is to ob- 
tain a high-pressure steam generator with the minimum weight of 
etal. We have no difficulty in using high pressures of steam 
since the adoption of the compound engine. The difticulty now 
is to obtain a boiler that will stand high pressure and weigh less 
than the cumbersome shell boilers in general use. This is only 
obtainable in the water-tube type, which is the source from which 
the engineering community expects satisfactory results. The 
“ Voltigeur,” of the French navy, has sectional water-tube boilers, 
and carries 150 pounds of steam. She has been at sea ona three- 
years’ cruise, and it is a matter of record that the results from 
abuse and neglect on these boilers are less than have ever been 
seen in those of the ordinary shell type. The liberating surfaces 
in these generators is less than that generally found in those of 
the shell type, but that is overcome by mechanical separators. 
Our own government is now seriously considering the matter of 
introducing the sectional tubular boiler system, and I have reason 
to believe that it has sent a distinguished engineer to Europe to 
look into the matter, with a view of adopting the Belleville or 
some similar system of boilers in the American navy. On large 
boilers of the shell type, when made of steel of a tensile strength 
of 60,000 pounds, it is not possible to carry over 100 pounds of 
steam, without making them weigh 60 to 65 pounds per square 
foot of heating surface, while it is possible to carry from 120 to 
150 pounds of steam on water-tube boilers upon a weight of 35 
to 40 pounds per foot of heating surface. You will find that as 
regards the steamer “‘ Montana,” in which the Guion people 
adopted water-tube boilers of the Howard pattern, the difficulty ex- 
perienced there was that they set them in brick furnaces without 
properly supporting them with casings of iron to spread the strains 
brought upon the brickwork. The brick walls were very thick, 
and the boilers lacked the prime necessity of proper circulation. 
They were somewhat like the Field tube boiler, but without the 
circulating tubes common to the Field method. The result was 
ive out from lack of water circulation. As 


are HORIZONTAL TUBULAR BOILERS. | 117 


an illustration of what can be done with brick furnaces when 
properly construeted, I will state that on the Cromwell Line 
steamship “ Louisiana” they had eight boilers of what is known 
as the Redfield type. After the vessel had run three to four years, 
the owners found it necessary to remove or renew the legs or 
water-slabs, and as the job was likely to be exceedingly expensive, 
upon the advice of their engineer they resolved to line them with 
brick and shut off all the water connections between the shells 
and the water-legs. After which, the vessel was sent to sea, and 
the boilers gave better results with the brick-lined furnaces than 
they did with their original water-legs connected and acting as 
direct heating surfaces. After trying the experiment as described, 
they subsequently eoneluded to eut the water-legs off and reset 
the cylindrical shells in brickwork. Mr. Myers Coryell, the engi- 
neer-in-chief of the line, deems that the economical and satisfae- 
tory results are attributable to the better combustion obtained in 
the brick furnaces. This would seem to show that this class of 
furnace is preferable to those composed of slabs or water-legs, 
both as to durability and economy. 

High pressures of steam can be better obtained in water-tube 
boilers with brick furnaces, and with less weight of material than 
is possible where shell boilers are used. 

Mr. Nent,—As this paper is of considerable historical interest, 
I regret that it does not contain a statement of when the large 
horizontal tubular boiler with a single bottom sheet was first 
made. I know of a battery of ten horizontal tubular boilers, 
erected two years ago at Beaver Falls, Pennsylvania, and one of 
Otis steel was exhibited at the Railway exhibition in Chicago. I 
think Mr. Wellman can give us all the facts on that subject. The 
paper on page 112 Says, 0 There heing no seams vertically, the boiler 
must be strong.” I think that is certainly a mistake. The strain 
in the direction of the axis of the boiler being only half that in 
the direction of the diameter, it makes no difference whether the 
vertical seams are used or not. 

The writer of the paper is not quite favorable enough to steel 
when he says, “I do not hesitate to say that since this material 
has been in use for upward of eight years, there should be the 
opportunity desired by all interested,” ete. Crucible steel has 
been used for boilers in this country since 1541, and open-lhearth 
steel since 1870 or earlier. There is now Jess risk in buying steel 


than in buying iron for a boiler. 
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The question of horizontal tubular, and sectional or water-tube 
boilers I think is out of order in this connection. It is not men- 
tioned in the paper at all, but if any of the gentlemen wish it, I 
ean furnish them privately with an abundance of information 
which will convince them that water-tube boilers are largely used 
for power purposes. 

Prof. Webb—1 would like to supplement Mr. Kent's statement 
as to the longitudinal strains on the boiler. LT presume when there 
are tubes or flues it will make a difference. Theoretically, in the 
tubular or flue boiler the strains in the longitudinal direction 
would be considerably less than half these in the cireular diree- 
tion, on account of the space occupied by the tubes or flues and 
the consequent reduction of the pressure on the ends of the boiler. 
There would also be a further reduction on account of the tubes 
or flues themselves bearing part of the longitudinal strain, but if 
we take the flues or tubes into account, we must remember that, 
if they are at a higher temperature than the shell, they may by 
their expansion considerably increase the longitudinal strain. 

Mr. Wellman.—As to the length of time in which a center- 
sheet has been in use, the Standard Oil Company of Cleveland, to 
my knowledge, have had them in use for eight years, and I think 
the first application of this to a boiler was due to the Superin- 
tendent, Mr. Andrews. We have had them in use at our works 
three or four vears. 

Mr. Partridge. It may be well to put on record the facet in re- 
gard to the boilers of the “ Louisiana,” that they were not Red- 
field boilers, though they resembled them in several points of 
construction. ‘The differences were of a nature to destroy the 
circulation in the legs, at least. 

Mr. Davis.—I think this boiler deseribed in the paper has One 
very serious practical objection, and that is, it requires brickwork 
to set it. My idea of a boiler of that class is that it ought to be 
self-contained. Our company uses a great many plain cylindrical 
boilers, and they are set in brickwork. The brickwork costs more 
to build than the boilers, in the first place, and more to keep it in 
repair afterward. We are looking for a good boiler that would be 
entirely self-contained to take the place of them. But from the 
fact that such boilers are almost free from explosion, and when 
they do explode are so comparatively harmless, we have stuck to 
them. 

Another point in regard to the seams : 


we 


our seams rarely give 
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out, although we use very impure and acid water ; but it is always the 
sheet near the seam that gives out from furrowing. It shows most 
on inner side of outside sheet, just in front of the end of the inside 
sheet. That is where the boilers give out almost invariably. We 
have about 2,000 boilers in use, and a great many come into the 
shop to be ent up, and I have never yet seen an exploded boiler 
or a used-up boiler that has shown any defects of any consequence 
in the seams; but I think this long sheet under the bottom of Mr. 
Scheffler’s boiler will avoid a great deal of the wear and tear from 
furrowing, and add very much to the life of the boiler. 1 have 
had oceasion lately to examine some new boilers that were ex- 
ploded by excessive pressure, One exploded last week that was 
built about six months ago. It was a small mine-locomotive boiler, 
made out of ,°;ths best best flange iron all over. That boiler blew 
up, L am perfectly sure, at over 200 pounds pressure. It was an 
excellent boiler in every way, so far as a boiler of that kind could 


be. There was searcely a rivet broken or pulled out, but in sev- 


eral places the sheets had torn in long ragged lines, like a piece 


of paper, about an inch or two from the other sheet, perfectly 
regardless of the fact that the lines of rivets were supposed to be 
the weakest points. ‘These seams were ouly single-riveted. 

Another point that seems to be against this boiler under dis- 
cussion is the fact that the severe heating of the bottom sheets, 
where all the sediment rests, makes this part likely to give out 
sooner from corrosion than would be the case with an internally 
fired boiler. 

Mr. 11, FF. J. Porter-—As the boilers of the “ Louisiana” have 
been spoken of, and Mr. Partridge knows something of them, I 
would like to know if he knows anything about the success of 
some boilers of a similar type that were put on some of our river 
tug-boats. I do not think there was any change made in the de- 
sign of boilers. They were made by Delamater. 

Mr. Stratton.—The Delamater Iron Works constructed two or 
three fruiting vessels with externally fired boilers in them, but I 
was not aware that they had constructed any tugs with boilers of 
this kind, and if there are any tugs running in the harbor with 
externally fired boilers without water-legs, | am not aware of it. 

Mr. Partridge—1I ean only speak from hearsay in regard to 
the question asked by Mr. Porter, but I think that all the tug- 
boat boilers built on the lines of the “ Louisiana’s ” so-called Red- 
field boilers have met the same fate. The water-legs have fille 
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up with mud from a lack of circulation, and they have been gen- 
erally rather expensive and unsatisfactory. IT do know that, on 
the other hand, the Redfield boilers, where they have been. both 
on the Sound, on the Hudson River, and in this harbor, have 
given good satisfaction, remaining clean, having a good cireula- 
tion, and proving very economical. A very slight modification of 
the original design cuts off the cireulation, rendering the water- 
legs useless, and causing a rapid deposit of mud in them. 

Mr. ©. T. Porter.—I would like to ask why boilers have not 
been made so as to avoid the use of longitudinal seams. 


Mr. Barnes.—-One reason, and a very important one, why seams 


have not been commonly welded is that a thoroughly good joint 
can be made by riveting. That may seem to beg the question, 
but there can be no doubt as to the fact. A riveted seam, if made 
by reasonably skillful hands and under close inspection, can be 
known to be a certain thing. There is no question about it 
whatever. My impresssion is that in the present state of the art 
a certainty of the soundness of the work can be had more cheaply 
by riveting than by any method of welding. 

Mr. Le Van.—Why not form the rims of our shell boilers in a 
single rim, in the same manner as steel tires for locomotive drivers 
are now made, as designed by Mr. John Ramsbottom ? 

Mr. Davis.—I think the remark Mr. Barnes made is an excel- 
lent one in a practical way. I was going to say that where we 
have forging to do upon which men’s lives depend, we resort in a 
great many cases to riveting pieces of iron together instead of 
incurring the risks of welding, even under the most favorable cir- 
cumstances. 

Mr. Stirling.—TIf all remarks in reference to water-tube boilers 
are not out of order, I would like to ask Mr. Kent to tell us of any 
steamship of any size or any locomotive that is equipped with 
water-tube boilers. 

Mr. Nent.--The remark T made was that the gentleman was mis 
taken in the statement that water-tube boilers were not use| 
largely for power purposes. Mr. Stratton mentioned the name of 
one vessel in the French navy, the “ Voltigeur,” which has used 
water-tube boilers for six years, and there are some two other ves- 
sels, the names of which I do not know, that have those boilers. 
It is impossible, I suppose, to use water-tube boilers on locomo- 
tives, since on a locomotive every other consideration must be 
sacrificed to the one of portability. As regards stationary power 
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on land, there is no question that the water-tube boiler is the 
boiler of the future, and it is used already, in the world at large, 
to the extent of somewhere about half a million horse- -power. 

Mr, Stratton.—I would like to ask if ; any gentleman present can 
inform me of the difference in the thie kne ‘ss of these sheets be- 
tween the center portion of them and the edge. 

Mr. W Minan. With sheets 100 inches wide, we find ra difference 
of nearly one-sixteenth of an inch, 

President Sweet—llow large are the rolls that you are now using 
for that purpose ? 

Mr. Wellman.—TVhirty-one (31) inches in diameter, but the ‘vy are 
made of steel. The tests all show that the ste el is four times is 
strong as the best chilled-iron rolls we can get. 
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CLNXII. 
THEORY OF THE SLIDING FRICTION OF ROTATION. 
BY ROBERT H. THURSTON, HOBOKEN, N. J. 


FricTION in systems of mechanism gives rise to losses of 


euergy and to increase of resistance which are usually very consid-— 


erable, and which are often the only sources of * lost work,” and of 


the reduction of efficiency below its maximum value—unity. In 
any well-proportioned and properly managed machine or train of 
mechanisin, the wastes of energy are due solely to friction 3 in 
badly-proportioned mechanism, subject to overstrain or shock, 
causing deformation of parts, energy is lost equal in amount to the 
work expended in producing permanent distortion, Dut as the 
engineer generally only considers cases of correct construction in 
determining the magnitude of such waste, it may be asserted as a 
general and fundamental principle that in all good engineering the 
sole cause of waste of mechanical energy is friction. These facts 
and this principle sufficiently indicate the importance to the engi- 
neer of a careful study of the magnitude and of the method of such 
losses. 

The writer has elsewhere * given the results of experimental de- 
terminations of the values of the coefficients of sliding friction and 
has shown that the lost work in mechanism varies very greatly in 
amount ; that it is, under favorable circumstances, vastly less than 
has been generally supposed ; and that it is influenced, where lubri- 
ration is employed, by every change of velocity of rubbing, of tem-_ 
perature, and of intensity of pressure, as well as by the character of 
the lubricant. 

In machinery and mill-work, and in mechanism generally, it is 
usually found that the wastes of energy caused by sliding friction 
are principally due to friction of rotation, ¢. ¢., to the friction of 
shafting, of journals, and of pivots in their bearings. This form 
of friction, and this method of waste, are the subjects of the paper — 
here presented. The friction of straight-sliding pieces has been fre- 
quently studied and is well understood ; that of rotation has been less 
fully investigated, although considered at some length in a few 

* Friction and Lubrication, RR. Gazette Pub, ( ‘0., N. Y., 1878. Materials of 
Engineering, Part I., 2d Edition, J. Wiley & Sons, N. Y., 1884. 
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treatises. The importance of the subject is such, however, as will 
justify the most extended examination. 

Tue Frierion or JourNALS causes a waste of the energy travers- 
ing a machine, which is dependent in amount upon the velocity of 
rubbing, the magnitude of the load, the method of distribution of 
the resulting pressure and of variation of its intensity, the size of the 
journal, the nature of the lubricant and its physical condition, es- 


pecially as determined by its temperature, and on the value of the 


cotfticient of friction as determined by all these modifying condi- 
tions, 

A journal in good order, well-titted, and smoothed down by pro- 
longed working, should never show evidences of measurable wear. 
Such journals have sometimes been known, by the writer, to show 
ne appreciable alteration of form or fit, after vears of constant work, 
Two cases may give rise to such permanence of form and fit. 

The First Case of permanent fit of journal is that in which the 
journal is exactly fitted to its bearing when new, and so perfectly 
adjusted that no sensible wear takes place. In this case, the press- 
ure brought upen the rubbing surface by the load is distributed 
hy a certain method of vielding of the loaded metal, and according 
-toasimple and definite law, the investigation of which is one of 
the principal objects of this paper, Under this law, an adjustment 
takes place which, if the bearing surfaces are sufficiently large, of 
good material, and well lubricated, is permanent. 

The Second Case is that in which wear occurs, and until all parts of 
the journal and bearing in contact wear until a ‘fit’ is thus at- 
tained, such that every part is compelled to carry equal pressure, 
and until wear ceases to be observable. 

The Third Case to be considered is that in which the journal is 
loose and the bearing surface, or surface of actual contact, is as- 
sumed to be a straight band of inconsiderable width. 

These are the three typical eases for evlindrical journals, and 
these cases only are to be here studied. Actually, in practice, prob- 
ably, neither case is often met with; the real condition of the 
journal is usually intermediate between one or the other pair of 
these type-examples, 

It is evident, from what has been just stated, that the friction of 
journals, other things being equal, depends greatly for its amount 
upon the method of distribution of pressure, and is not necessarily, 
and probably may not be often, measured exactly by the product 
of the load on the journal by the coéflicient of friction. It may be 
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sometimes, and in fact is, very much greater, It thus becomes an — 
important problem to determine the manner in which variation of 
7 intensity of pressure affects the total resistance due to friction, and — 
the method of that variation as produced by the different modes of : 
‘fitting journals. 
Tur Work Done axp Hear Devetoren, by the friction of any 
7 journal, is measured by the product of the total normal pressure on- 
7 its rubbing surfaces into the mean coéflicient of friction, and into’ 
the space traversed by the surface of the journal, relatively to the 
surface of the bearing, in the given time. 

If p represent the mean intensity of pressure, 7 the length of 
journal, the angle over which the pressure is distributed, 7; the: 
radius of the journal, the mean coéfticient of triction,® and the 
number of revolutions made in the given time, the work of friction” 
will evidently be 


When @ = a, as in a journal receiving no pressure from its_ 


cap, 


ay 


-and when @ = 2 z, as when the cap is screwed down hard, 


When the load is fixed, the intensity of pressure varies inversely 
as the area of the journal, and p77, 6 becomes constant. ITence, 
in such eases, the resistance of friction, f p/ 7, 6, is constant, and 
the work of friction and energy wasted becomes proportional to the 
diameter of the journal; while both quantifies are independent of 
the length, except so far as it affects the coéflicient of friction. 
Journals are therefore properly proportioned by making their di- 
ameter such as is dictated by considerations of strength and safety 
against “springing,” and determining their length by reference to 
loss of work by friction and the liability to heating. 


* With good lubrication, it may be assumed that, in heavy machinery and 
under pressures not far from 100 pounds per square inch (7 kgs. per sq. em.), the 
value of f may be reduced below one per cent., varying approximately inversely 
as the square root of the intensity of pressure. 
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The minimum limit, as to length, is set by this last considera- 
tion. As has been fully shown by the writer, the co(fticient of frie- 
tion increases with increase of bearing area and consequent decrease 
in intensity of pressure ; the conclusion therefore follows that bear- 
ings should be as short as is consistent with security against heat- 
ing. This conclusion is the more important from the fact that a 
long journal is liable to spring, and thus to concentrate pressure at 
the end, and to cause heating in that way. With every diameter of 
shaft, therefore, there is a limit beyond which no increase of length 
of journal will prevent heating. With a given shaft, heating under 
a given load, no increase of diameter will reduce liability to heat—if 


the shaft does not spring—and inereasing its length may afford ad- 
vantage only up to a limit. 


Tur Wear Der vo Frieriox, 7, is proportional to the work done 


| 
4 
d 


on the journal, and is measured in thermal units by the quotient 
of that work U, by the mechanical equivalent of heat J,«. e., 


This heat is carried away by conduction to adjacent masses, and 


by radiation, Tf it is carried away as rapidly as it is produced, 


the journal remains cool; if not thus carried off, the journal 
heats up until the rate of dispersion is equal to that of pro- 
duction, or until it becomes necessary either to apply cooling agents 
or to stop the machine. 

Tue Temperarcre Arramep by a journal when thus heating is 
limited by the facilities for conduction and radiation of heat from 
it, The maximum safe temperature is that beyond which liability 
to rapid and dangerous heating is incurred, and is always below the 
temperature of decomposition or vaporization of the lubricant. 
A warm journal will often work better than a cold one; a hot 
bearing is always a source of danger. A journal so proportioned 
as to run warm with good lubrication is to be watched with the - 
utmost care. As already seen, since the tendency to heat increases — 
directly as the intensity of pressure and as the amount of work 
done, and inversely as the area across which the heat can be trans-— 
mitted, the diameter of the journal, if it be sufficiently strong and 
stiff, does not affect this phenomenon. 


Case Perrecrty Firrep Journat is the most inter- 
esting of the three 


cases here to be considered. 


When a journal 


‘ 
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is exactly fitted to its bearing,* as is usually the fact, without 


pressure, the action of the load will cause a minute change of 
form, which, although quite imperceptible, will produce a variation 
. of intensity of pressure between the rub bing surfaces, from a max-— 
imum on the portion normal to the line of direction of the re- 


sultant load, to zero on the surfaces parallel to that line, and — 


according to a simple and easily determined law. 

This Method of Distribution of Pressure, which was, as he be- 
lieves, originally investigated by the writer, is determined in the | 
following manner : 
~The maximum intensity of pressure under which any journal 
good form and correct proportions may be worked, is from_ 

500 pounds to the square inch, with iron journals, to about 1,000) 
pounds with steel (55 to 70 kgs. per sq. cm.); the elastic limit of. 
the bearing metal is always far above these figures, and that of the- 

metal of the journal usually very much higher still. The com-— 

pression of the metal, under working pressure, will be proportional 
to the intensity of the pressure at each point, and this principle: 
will determine the law of distribution of pressure. The intensity 
: of pressure will be everywhere proportional to the elastic displace- | 
ment of the metal. 

Let p represent the intensity of pressure on any element of the 
surface of the journal having a length 7, and a breadth 7, d@, and 
let V represent the normal pressure on this elementary area 7, 
dé; then 

N = pln, dé 


The sum of all the vertical components of these elementary 
normal pressures, p = .V cos 4, where # is measured from the ver- 
tical, is equal to the load W on the journal ; 


‘= lr, cos 6 dé 

. 

But the normal pressure p varies from a maximum, at the bot- 
tom of the bearing, to a minimum at the sides, there becoming zero 
when the bearing is a semi-cylinder. At intermediate points the 
normal pressure is 

p = pr cos 


*The custom now common of grinding journals to size, and sometimes of 
scraping the bearing, makes this an increasingly frequent case. 


| 
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in which quantity ~, is a constant, the value of which isto be de- 
termined, The value of p being obtained, and introduced into the 


formula, 


which is to be integrated between the limits 


to obtain W in terms of 7,, when the journal bears upon a seini- 


cylindrical surface, or between the positive and negative values of 
4 for any other method of bearing. From the relation thus ob- 
tained the value of P is deduced, It will be seen that pr is the 
measure of the maximum intensity of pressure between the rub- 
bing surfaces, occurring when 6 = 0, 7. e., at the bottom line of the 
bearing. 

To Derermine tue Maximum Pressure p’ on the journ: al, let 
A Fig. 26, represent the 
of the bearing surface upon the 
vertical plane, the journal being 
perfectly fitted and unloaded, 
When the load comes upon it ‘ 
the journal will a minute {_ 
distance, O CC, 


and will rest in rium be- 


tween the elastic resistance to com- 
pression, thus brought into play 


in the metal, and the wei; ht 
sustained by the bearing, the sur- 
faces of contact taking the new 
position A’ OC’ By of which every 
point now lies directly under its 
original position, and at a dis- 
tance from it equal, at every point, to O O'.. The compression of 
the metal in the direction of the normal pressure p, will be at 
each point, as £) equal to #7. The product ofthis vertical displace- 
ment, £/, into cos 4; and the intensity of pressure, the elastic 
limit of the metal not being exceeded, will be proportional to this 
compression, varying from 0 at B’ to a maximum patC. At 
any intermediate point, the compression is, for a small total depres- 
sion of the shaft OO’, cos 4, and the intensity of pressure, con- 
sequently, p’ cos 4. 
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Since the load, W, is sustained by the sum of the vertical com- 
ponent of these normal pressures, each of which is of the intensity, 


w=p cos 6=p, cos 4, 


+ 
W | cos? 4 dA, 
Or 


+ 


ry A’ 4 24 


as before, and 


| 


When 


0.6410 


and the pressure at any point, 4) of the journal, has the intensity, 


0.64 W eos a 


— COs — 


and the maximum pressure is nearly equal to two-thirds the load 
on the journal divided by its projected area on the horizontal 
plane, and is very nearly the same as in the previous case, although 
one-third the bearing surface has been removed. This is often 


of “ gripping” or “ binding,” should the bearing heat. 


ate by engineers in charge of heavy machinery, to prevent risk 


It is evident that the same method applies to the case of the 
spher val journal, 

The Extent of Compression is determined by the magnitude of 
the modulus of elasticity of the metal compressed, thus, for a press- 
ure of 1,000 pounds per square inch (70 kgs. per square em.) on a 
bronze bearing, the maximum compression would be but 99 the 
thickness of the “ brass.” 


6 
3 = 
W 2 Wes (s 


The Force of Friction, at any element, 


. is, for the full journal, 


and varies from zero at 4 = 90 


0.64 W cos 6 


lr, 


to a maximum, at 4 = 0, when 


me * - 
i 


r 
‘2 


> 
cos 


= cin 


1.27 W (10) 
27 (11) 


The Moment of Friction is 


Work of Friction is 


1277 Wy, 


The 


= 25 


(13) 


where a is the angular velocity of the shaft, ¢ the time taken, and 
n the revolutions made in the unit of time. 


9 r The Power lost in Friction is 


when the units are 


U +550t= 2.5 W + 550 (14) 
sritish and the time is measured in seconds, 
As will be seen later, the resistance, the work done, and the 
power wasted, are 1.3 times as great as in a journal loosely fitted, in 
which the rubbing surfaces 


are in contact only along a narrow band 


parallel to the axis of the journal. The case above considered 
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assumes a fit originally and no subsequent wear. In such case, the | 
journal must be of such size that the maximum pressure, 7, may { 
be below that at which the unguent is liable to be forced out, o1 
heating to oceur. 

Case 2.—U nirorm Pressure on tue Surraces may be 


observed in cases of journals so small as to wear slowly under their 


loads, or, perhaps, when heating, as is often the case, causes the 

“brass” to grasp the journal by springing the sides inward. | 
Both are familiar cases to every mechanical engineer who has had | 
much experience, especially if accustomed to the management of 


steam machinery. 

In well designed machinery, a bearing is usually composed of 
softer metal than the journal which it supports; it therefore takes 
the wear, and if the extent of rubbing surface is small the journal 
is merely “ smoothed up,” while the bearing wears down. If the- 
surface is too small, the bearing may be abraded and * cut,” and — 
both it and the journal rapidly injured. If, however, the surface 
under pressure does not cut, wear takes place slowly, and without 


excessive waste by friction. Every bearing surface, if not abraded, 
will, whether fitted or not, wear under he: avy pressure, but with — 
sing rapidity, until all parts sustain a certain intensity of. 


: pressure, when the rate of wear becomes a minimum, under a press- 


ure which is a minimum for that bearing under the existing condi- 
tions as to lubrication. In some cases, the whole bearing surface 


may not be brought into play, the uniform pressure so established — 
by wear over a part of it being sufficient to carry the load without 
further wear. These two cases are probably the most usual in all 
eases of heavily loaded, or carelessly fitted, journals, as the preced- 
ing case represents the usual case of well-fitted, lightly, or fairly 


loaded bearings. In every case, there is a certain pressure-limit, 
; above which wear will take place and below which it becomes 

inappreciable; the bearing will therefore wear down until the 
pressure due the load is so distributed that this pressure-limit is 
~ everywher re reached over a certain limited area, and wear ceases, or 
util all parts of the bearing are brought to a state of minimum 
wear under a uniformly distributed pressure. 

In the case here studied, the pressure is of uniform intensity. 
p,; that on any elementary strip of bearing, of length / and breadt! 
r, is its vertical component is / 7, cos and 
the total load is, for a semi-cylindrical journal, 


at 


— 


ROTATION. 


& 
| 


2 
2 


W 


The Total Pressure on the journal surface is 


P' =pla 


or 0.57 greater than the load. : 


The total Force of Friction is 


— The Moment of Friction is 


M=fP'r,=157fr,W . 


The Work of Friction is 


U = Ma = 1.57 W 


=mfnin, W, 
= 10fnitr, W, nearly 


or 1.57 times that on a flat surface, or on a loosely fitting jour- 
nal, 


Were the angle of contact reduced, making the angle # = 30°, the 
friction becomes but five per cent. greater than that of an equally 
loaded flat surface, or of a loose journal. It isthus seen that, where 
ample area of bearing surface can be secured, it is best given the 
form of a strip or band lying along the bottom of a long “ brass,” 
rather than made to cover the full semi-circumference of a shorter 
journal. 

3.—A Loosrety Firrine Journat, A B C, before wear has 
produced a sensible widening of the line along which contact orig- 
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and the intensity of the uniform pressure attained is 7 
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inally takes place between journal and bearing, when in oper- 

ation, carries its load at a line parallel to the axis of the journal, 

and at one side of the line of vertical resultant pressure (Fig. 27). 

If at the lowest point, 2, at starting, it rolls up the side of the 
* 


wef 


bearing until, at some point, 2, the inclination becomes equal to — 
the angle of friction BV D, EF DF, when it ceases its upward 
movement and continually rotates, sliding on the line whose trace 
is D), as long as the coéflicient of friction remains constant, or 
rising with increasing, and falling with decreasing, friction, contin- 
ually finding new positions of equilibrium until motion ceases, or 
the conditions again become constant. 

At any one instant there are three forces in equilibrium, the 
weight W, on the journal, the normal reaction, 4, of the bearing, 
and the resisting force of frietion, F’ =f N, which may be repre- 
sented by the sides of the triangle V BD. Then, since Vand / 
are at right angles, 


of 
one 
The Force of Friction is, since a = g, the angle of friction, 7 
Wtan _ Wein p. (23) 
Vv 1 + tan? p 


\ 
A | le 
| 
hy 
5 
Fig. 27. 
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Wike Moment of Friction is 8 
we” 


al ae +6 


The 


» Wea ir 
Watr, sing = 
2Wrntr? 
2 Wantr,sin p : 

This ease is thus seen to be that producing least waste of work 
and energy, and hence, in that respect most desirable; but it is 
evidently a purely ideal case which can never be obtained in prac- 
tice. If approached toe closely, rapid wear, heating, and all the 
consequent cost and damages ure increased. Case 3d is that of 


minimum friction, but of maximum wearand heating, as Case 1st 


that of minimum wear, and Case 2d that of maximum friction. 
In practice, the best arrangement is usually, so far as the writer can 
judge from his own experience, that of freeing the sides of the bear- 
ing by cutting then away so as to clear the journal entirely to an 
angle of at least 30° from the horizontal, and even 60° for very 
long, stiff journals, moderately loaded. This gives a modification 
of either Case I. or Case IT., and on the whole, minimum. friction 
and wear. 

In Conctvston, it may be considered proven that: 

(1.) A perfectly fitted cylindrical or spherical bearing of ample 
area of rubbing surface, will, in the absence of wear, have the 
pressure distributed in such manner as to make it zero at the sides, 
and a maximum at the bottom of the bearing, varying at inter- 
mediate points as the cosine of the angle included between the 
given point and the bottom of the journal. 

(2.) The friction on such a cylindrical journal. and the lost work, 
exceed by above one fourth that of the ideal case of bearing on a 
line, or that of flat surfaces under the same load. 
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(5.) A bearing so proportioned as to wear constantly, but with- 
out “ cutting,” will be subjected to uniform pressure, throughout 
the area of rubbing contact. 

(4.) The friction on such a bearing is nearly 60 per cent. in excess 
over that of the ideal case, or on a flat surface similarly loaded ; it 
should always be relieved by freeing the sides from pressure, in 
the manner often practiced by engineers, as above described. 

(5.) Any journal, wearing smoothly and symmetrically, and 
without shake, will in time wear to a fit, such that the pressure 
upon its surface will be of uniform intensity throughout the whole 
area brought into bearing, and the rate of wear reduced to a mini- 
mum, while the waste by friction becomes a maximum. 

(5.) Maximum efficiency of machinery in which journal friction 
is the main source of waste of work and energy, is secured by giv- — 
ing the journals such diameter that they will neither twist nor- 
spring under their loads, such length that the load may be carried 
principally on the lower portion of the bearing, and such form that 
the “ brass” shall not bind or grasp the journal, or in any way 
subject the journal to serious lateral pressures. All lateral pressure 
due to grasping or binding action decreases efficiency. 

The proper size of journal is, as is evident from what has pre- 
ceded, determined only in part by the consideration of the amount 

_ of power and energy lost by its friction. Since to increase or di- 
Ininish the diameter of a journal increases the speed of rubbing in 
precisely the same proportion in which it diminishes the intensity 
of pressure produced by any given load, it is evident that the work 
wasted and the heat produced on the unit of area of bearing sur- 
_ face is approximately the same, whatever the diameter of journal, 
within moderate limits: for, within such limits, the coéfticient of 
friction may be considered as constant. The diameter of journal 
is therefore determined by the strength and stiffness demanded, 
and not by the liability to heat, and is calculated by the rules for 
a strength of materials. 
The length of a journal is determined by reference to the laws 
of friction. A convenient method is to fix, by reference to experi- 
ment, a quantity of work of friction which may be safely allowed 
for the propos_d journal, reckoned per unit of its area. Thus, the 
writer has found for the crank-pins of marine engines, under inter- 
mittent pressure, 60,000 7, measured in foot-pounds, to be a good 
allowance ; Rankine found 44,800 7 to be a good figure for locomo- 
tive practice: 50,000 7 is an intermediate figure sometimes taken 
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for general practice. For unintermitted pressure, still smaller 
values must be taken. 

Then the work of friction is nearly, per unit of area, 


( 


60.000 (977) 


Thus the intensity of pressure is limited by the velocity of rub- 
bing, and the given load, P, on the proposed journal being divided 
by this pressure, p, the length must be at least 7 

tas 


: l 


in which expression d is known already by calculations of strength. 


(This paper received joint discussion with Mr. Woodbury’s which follows it.) 
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CLXIII. 


MEASUREMENTS OF FRICTION OF LUBRICATING 
OLLS. 


(Second Paper.) 


BY C. J. H. WOODBURY, BOSTON, MASS. 
Ar the meeting of this society held in November, 1880, the- 

writer presented a paper under this same title,* giving the com- 
parative results of some measurements of friction upon a variety 
of lubricating oils, submitted to a somewhat narrow range of con- 
ditions. On this oecasion it is proposed to treat the subject from 
a different, but perhaps equally practical, point of view, and limit 
the subject to the examination of a single lubricant under a wide 
range of investigation. 

In the course of some work on this subject for the Factory 
“Mutual Insurance Companies, it became a matter of importance to 
know the coefficient of friction of a lubricant at a series of tempera- 
tures and pressures. These measurements were made upon another 
~machine designed by the writer, similar in principle, but differing 
‘from the one used in the previous experiments in its general con-_ 
struction. The earlier machine was made for the specific purpose’ 
of testing spindle oils, and fulfilled conditions of high speeds and 
light pressures in a satisfactory manner, but was unsuited for work 
with heavy pressures upon the standard bearing where the friction 
was measured, A standard brand of mineral oil, free from admix- 
ture of any animal oil, was selected for these experiments, because | 
previous experience had shown that it was more uniform than any 

other lubricating oil, and duplicate samples could be obtained when 
desired. <A test of this oil showed: - 

. 342° Fahrenheit. 
410 Fahrenheit. 
Evaporation by exposure to 140° Fahr. for twelve 
hours.... 
The operation of the machine is based on the principle of measur- — 

ing the friction between two annular discs, and the whole designed | 


for the purpose of observing this with precision, 


* Measurements of Friction of Lubricating Oils. Transactions A. 8. M. E., vol. 
Pp. 73. 
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The machine, shown in perspective in Fig. 34 and in elevations 
in Figs. 35 and 36, consists of a cast-iron frame in the form of an 


arch, with a brace at the rear, and further stiffened with transverse 


WS 
Fig.34 


webs arranged to present the utmost rigidity against the stresses 
liable to be applied to the machine. 

The lower dise is secured upon the top of an upright shaft, its 
top being an annulus, gronnd to a true plane surface. Upon this 
rests the upper dise, which is in the form of a hollow ring based 
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OILS. 


upon a flat plate, and is made of very hard composition, cast in one 
piece. The bottom of this disc is scraped to a true plane surface, 
so that the contact between these two discs is uniform. 

A partition divides the interior of the hollow ring forming the 
upper disc, so that water can be introduced through the connecting 
tubes to control the temperature of the dises, and in some instances 
it is desired to use the water as a medium to retain the heat of 


FRICTIONAL MACHINE 


SIDE ELEVATION 
APRIL 20,1881 
SCALE SIZE. 

C.J.H. Woodbury 


friction. The sides and top of the upper disc are surrounded by a 
case made of hard rubber, and the space filled with eider down. 

In experimenting, ice-water is generally used to reduce the tem- 
perature of the discs to nearly the freezing point of water, and 
then the friction is noted at each degree of the rise in temperature 
due to the heat of friction. 


— 
a 
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A tube of thin copper, closed at the bottom, reaches through to 
the bottom of the disc, and a thermometer with its bulb placed 
within this tube indicates the temperature of the frictional sur- 
face. A tube leading through the upper dise conducts the lubri- 
cant under trial to the recess in the middle of the lower disc. The 
upper end of this tube, being of glass, indicates the supply and 
=" Fig.36 
FRICTIONAL MACHINE 


FRONT ELEVATION 
APRIL 20, 1881 
scate | size, 

C.J.H. Woodbury 


rate of feeding of the oil. As the friction of a journal depends 
quite largely upon the method of lubrication, uniformity in the 
manner of supply is of the utmost importance. 

Over the upper disc, a yoke with four arms rests upon four 
columns which extend through the upper disc to the middle of the 
frictional surfaces; these columns being cast as a portion of the 
dise. In the center of this yoke is a hole with hemispherical bot- 
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tom. The lower end of the upper spindle is round, and fitting 
into this hole makes a ball and socket joint. This construction 
transmits the stress due to the weight applied upon the spindle to 
four points in the middle line of the frictional surfaces, and the 
strains due to excessive loads will not distort the discs so as to 
interfere with the uniformity of the thickness of the film of oil 
between the surfaces; while the ball and socket joint allows the 
surfaces to meet without any cramp or binding due to imperfec- 
tion or wear which would prevent the surfaces from revolving in a 
true plane. 

The axes of the upper and lower spindle do not coincide, but 
are on parallel lines about one-eighth of an inch from each other. 
This prevents the surfaces from wearing in rings, because the same 
points are not continuously brought in contact with each other. 

A slight counter-sink in the top of the upper spindle receives 
the center-point in the middle of a beam which sustains the 
weighted platform beneath the table. The weight pressing the 
discs together is thus exerted along the axis of the upper spindle. 

It has been found that it is essential to obtain the pressure by 
the direct application of weight, for any plan of using weighted 
levers or springs upon a dise requires the use of an additional 
point of support whose friction introduces an error which cannot 
be measured. 

The upper disc with its load must be free to turn slightly in the 
easiest possible manner with slight changes in the friction. The 
use of knife edges to support the upper spindle was out of the 
question, because it must be sustained in all directions. 

Instead of holding it in ordinary journals, the friction of mo- 
tion was substituted for the friction of repose by placing two 
pulleys whose arbors were long sleeves, at the two points of sup- 
port, and running the spindle through the middle of these pulleys. 
The torsional effect due to the friction of the pullevs against the 
spindle was nullified by revolving them in reverse directions, so 
that the friction of motion due to one thousand revolutions per 
minute was substituted for the greater friction of repose. The 
friction of the two pulleys is so nearly in equilibrium that the spindle 
could be sustained on a smooth surface, without the friction of 
one pulley exceeding the other enough to turn the upper spindle ; 
that is, the frictional couples at the supports neutralized each 
other. 

At the left of the machine, a counter records the number of 
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revolutions made during any given time. <A lever at the top con- 
trols a small friction clutch in order to stop or start the counter at 


any time during an experiment. 


Under certain conditions, the friction varies so rapidly that the 
dynamometer measuring it must be instantaneous and automatic in 
its action. 

The dynamometer shown on the right hand of the machine con- : 
sists of a mechanism of segments and pinions for multiplying the 4 
deflection of a steel bar, and indicating the stress necessary to A 
produce such deflection, by the position of the hand on the dial. , 
An arm which ends in the are of a circle projects from the lower ; 
surtace of the upper dise, and is connected to the dynamometer F 
with a flexible brass tape. When the machine is in operation, the 
lower disc is revolved, and tends to carry the upper disc around ‘ 
with it, by a force equal to the friction due to the lubricant be- ; 
tween the discs. 


The frictional resistance is obtained from the dynamometer by ; 
the principle of couples of equal moments. The reading on the 
dynamometer indicates the force of a couple whose arm is the length 
of the lever projecting from the upper disc, and this couple is 
opposed by a couple of equal moment, of which the dimensions of 
the frictional surface form the data for computing the arm, and 


the frictional resistance of the lubricant is the unknown quantity. 
When the friction is too great for the dynamometer a pair of 
compound levers reduces the stress upon the steel bar in the 
dynamometer to one-fifth that of the whole pull of the frictional 
component, so that the capacity of the dynamometer is five times 
the amount marked upon the dial. The resistances at higher press- 


ures are so much less than was anticipated, that it has not been 
necessary thus far to use these reducing levers. 

The coefticient of friction is deduced from the data of observation 
in the following manner. 


Let 

P = Weight on discs, Ibs. 

R = Outer radius of frictional contact, feet 

r = Inner 

p = Radius of any infinitesimal ring or band of the frictional | 

surface, feet. 

= Number of revolutions per minute. 

Reading on dynamometer, lbs. 


Length of arm on upper disc, feet. 
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Coefticient of friction. 
Suppose that the annular surfaces of the dise be divided into an 


infinite number of elementary areas by equidistant circles and 
radial lines, then will 


Width of band 


Angle between two successive radial 
lines 


Length of arc between two radii pd 
Elementary area = pdpdé 
Area ofannulus " 
a( 


Pp dpdé 


Pressure on elementary area —- 
a( Li*—7*) 


yp Podpdé 
Friction on elementary area = 


p Pr J 
(Le? —7*) 


Moment of friction on elementary area= 


Moment of friction on entire dise PF dp (10) 


Integrating 


Substituting the limits = = 


Work of friction per minute = PN (Rr ) 
3 ( i? 


Resistance of the dynamometer =271 WN 


The friction equais tie resistance, hence 


PN 


TN 
WR 


q 

» 

— 

8) 


8 WL 
2a (Li8—r") 


This is not in a form convenient for continual use, and is sus- 
ceptible of much simplification, if the proper dimensions are used 
for the various parts in connection with the frictional surfaces, and 
the dynamometer arm. It is also important for the sake of sim- 
plicity that the length of the line of mean area of the dise be one 
foot, so that the number of revolutions per minute is equivalent to 
the frictional velocity in feet per minute. For convenience, it was 
desirable that the area of the dises be ten square inches. 

If ¢ = radius of circle whose cireumfterence is 12 inches, then 


+? 


9 
13 _ 1.909 inches. . . . (18) 


Cc 


Area within this circumference, 
mc = 11.46 square inches. . . . (19) 


If this circumference divide the annulus of 10 square inches are: 
into two equal parts, then the outer rim of the annulus will cir- 
cumscribe an area of 11.46 + 5 = 16.46 square inches. The radii 


corresponding to these circles are 
| 


= 2.289 inches = .1907 feet. . . . . (20) 


= 1.484 inches = .1195 feet. 
J 

= .0221 feet; — = .00523 feet. 


g these values in equation (16) 


| 6:338 Wl 
f — P 


This equation can be made still more simple if the length of the 
arm /, is of such length that 
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Substituting this value of g in equation (23), we have _ 
= .8156 feet = .38787 inches. 


Generally the weight on the discs is referred to in pounds to the 
square inch, then 
i 


op: 


If the reducing levers which have been referred to are used, the 


reading on the dynamometer is 4 of the pull on the arm, and when 


the machine is used with this attachment 


The blank used in taking notes of the observations made upon 
the work with the machine is shown in Table IT], 

After the temperature of the discs has been reduced by a current 
of ice-water, the circulation of the water is stopped, the machine 
started, and the reading of the dynamometer noted at each degree 
of temperature. 

As the machine is generally used without the compound levers, 
the column of coetticient of friction is obtained by dividing the 
dynamometer reading by five times the pressure in pounds per 
square inch. 

Table I. contains the record of the dynamometer readings, and 
shows the resistance of friction of a paraftine oil tested in the ma- 
chine, at a series of pressures of one to forty pounds per square 
inch, and temperatures from forty to one hundred degrees Falren- 
heit. Readings were noted at each degree, but a tabulation of the 
friction at every fifth degree answers all required purposes. 

The results are clearer expressed by the diagram, which shows in 
a graphical manner the relations of these measurements to each 


other within the limits of the data. (Tig. 39). <a a 


A 


OF FRICTION OF A 


RESISTANCE PARAPFI 
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TABLE 1. 


NE OW, AT A VELOCITY OF 300 FEET 


PER MINUTE. 


Z 
TEMPERATURES. 
40° 45° 50° 55° | 60° | 80° 85" 90" 100 
| 
- RESISTANCE OF FRICTION.-———— 
1 | 2.69|2.89 | 2.138) 1.91) 1.70) 1.5111.8411.101 1.06 95 .69 
2 | 2.99) 2.61 | 2.382 | 2.08 1.86 1.66/)1.50 .99 .89 s() 
3.16/|2.78 | 2.49 | 2.28 2.00 1.80| 1.62 1.47) 1.82 .99 90 
| 3.62 | 2.85 2.12'1.92) 1.74! 1.59 1.45) 1.88) 1.21 1.10 
5 | 3.50/8.08 | 2.76 2.49 2.25 2.04/1.85 1.69: 1.55 1.48/1.30 1.19! 1.09 
6 | 3.65/|8.20 ' 2.88 | 2.61 2.36 3.15! 1.96! 1.79 | 1.63 | 1.511 1.39! 1.281 1.17 
7 |3.79|3.32 | 3.00 2.71 2.47 2.25) 2.06 1.89) 1.74'1.61/1.48 1.36/ 1.26 
8 | 3.91/%.43 | 3.10) 2.82 2.57  2.34/2.16 1.9) 1.88) 1.69)1.56 1.45) 1.84 
y | 4.05|3.56 | 3.22 | 2.98 2.67 2.45) 2.25 2.07 | 1.99 1.78) 1.65 1.53 11.42 
10 | 4.18)}3.66 | 3.33 | 3.08 2.77 2.54) 2.34 2.17/ 2.01 | 1.86) 1.74) 1.62) 1.51 
11 | 4.30)3.79 3.48 | 2.88 2.65 2.48 2.26;2.11 1.96)1.88/ 1.70)1.59 
12 | 4.41/)3.89 3.553.235 2.99 2.75 | 2.54 2.36'2.19 2.04/)1.91 1.78/)1.66 
13 | 4.52) 4.00 | 3.63 | 3.35:3.08 2.84/2.68 2.44) 2.27 | 2.18311.99 1.85! 1.7% 
14 | 4.64) 4.10! 3.75 | 3.44 3.16 2.93 | 2.72 2.53 | 2.86 2.22) 2.07 | 1.94/ 1.81 
15 | 4.75 | 4.21 3.85 | 3.55/3.26 3.02)|2.80 2.61 2.44 29.29/2.15 | 2.01) 1.88 
16 | 4.85 / 4.32 /3.95 3.61/3.36 3.12' 2.90 2.5% 2.36/2.28 2.09) 1.95 
7 4.95) 4.42) 4.06  3.75/3.46 | 3.21 2.79 | 2.62 2.46) 2.31 2.17)! 2.04 
18 | 5.08/4.54!4.16 3.8418.56 3.30/3.08 2.89 2.71 2.54/2.40 2.25/| 2.19 
19 5.18) 4.63 | 4.26: 3.93/3.65 3.40)3.18 2.98 2.80 2.64/2.49 2.33) 2.21 
90 | 5.28/4.738 | 4.85  4.6818.75 | 3.49 | 3.27 3.07 | 2.89 2.73) 2.57 2.41 | 2.27 
21 4.46 4.13/3.83 3.59) 3.36 3.16) 2.98 2.82)2.65 2.49)! 2.35 
22. 5.46/4.94 4.56 4.23/3.94 3.68 3.45 3.25 4 07 2.90/2.73 2.57 2.42 
93 §.5515.05 4.65 4.32/4.08 83.76|3.54 8.38'3.15 2.97/2.81 2.64! 2.49 
4.74 4.41/4.10 83.84) 3.62 3.42 3.23 3.05) 2.89 2.72!) 2.56 
25 15.75|5.22 14.88 4.50) 4.19! 3.98 | 3.70 3.49 | 3.31 | 8.18) 2.95 2.79 | 2.63 
26 | 5.83)5.31 4.92 4.58/4.26 4.01/3.78 3.57/)3.88 3.21/3.08 2.86| 2.71 
27 |5.9815.41 | 5.01 | 4.6714.85 4.09)3.86 3.65 | 3.46 3.29|2.11 2.94/ 2.78 
28 | 6.08'5.50/5.10 4.75!) 4.45) 4.18; 3.95 3.73, 3.54, 3.86: 3.18 3.02!2.85 
29 6.10 5.59/)5.19 4.84/4.54 4.26 4.02 3.81! 3.62 3.44 3.26 3.09! 2.92 
30 6.19 5.67) 5.28 | 4.92) 4.61 4.33 4.10 3.69 3.51 3.34 3.15! 2.99 
31 6.26 5.755.385 5.0114.69 4.41 4.16 3.95) 3.76 3.58 3.40 3.23) 3.05 
32 6.35 4.49 4.24 4.04'3.84 3.65 3.46 3.29) 3.12 
6.48 5.91) 5.52 5.16) 4.85 4.57 4.33 4.11/ 3.91 3.72 3.54) 8.35!/3.18 
66.50 6.00) 5.60 5.25)4.98 4.65 4.41 4.19 3.99 3.80 8.61. 8.43! 3.24 
6.58 €.08/ 5.69 §5.82/5.01 4.73 4.48 4.26 4.05 | 3.68 3.50! 8.82 
6 6.65 6.15)5.75 5.40/5.089 4.81 4.57 4.24) 4.18 3.98 3.75! 3.56) 3.388 
7 6.73 6.22'5.83 5.49|5.17 4.88 4.64 4.41 | 4.21 4.01 3.82 4.63) 3.45 
8 6.80 6.31 | 5.92 | 5.57/5.25 4.97 4.72 4.49) 4.29 4.09 3.89 3.70) 3.52 
9 6.88 6.39/)6.00 5.65)5.34 5.04 4.79 4.56) 4.85: 4.15 3.95 3.761 3.57 
0 6.97 6.46) 6.06 5.73)5.41 4.86 4.63 4.42 4.21 4.02 3.82) 3.62 


As the temperature rises, the ine 
hes the friction within the limits 


reasing fluidity of the oil dimin- 
of free lubrication. 


It is also seen that the resistance does not increase proportion- 
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ately with the pressure, nor at a uniform rate. The lubricant, 
while separating the surfaces of a journal, and protecting them 
from injury, also introduces the resistance of its own cohesion; and 
at small pressures the film of oil is thicker and the resistance due 
to viscosity of the oil exceeds that at high pressures, when a smaller 
amount of oil lies between the surfaces. 

A tilm of the lubricant adheres to each of the frictional surfaces, 
and that portion which lies between these two films is pulled in one 
diregtion upon one side, and in the other direction upon the other 
side, and as a resultant, the movement of this centre layer is a 
rolling motion, whose rate of progression varies with the difference 
between the adhesion of oil between the two frictional surfaces. 

Nearly five years ago I stated.* as a result of some early work 
on this subject, that “friction exists at the surface of the two disks 
between the film of oil acting as a washer and the particles of oil 
partially imbedded within the pores of the metal,” and the result 
of all subsequent investigation has tended to confirm this view of 
the subject. 

Table II. shows the co-efficient of friction as computed from the 
tirst table of resistances by the formula previously given. 


W 


= coefficient of friction. 
om ty W = resistance of 


friction as shown by dynamometer 
in lbs. 


p = pressure upon frictional surfaces in pounds per 
square inch. 


* Transactions New England Cotton Manufgceturers’ Association, Fifteenth An- 
ual Meeting, p. 61. 
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TABLE 


Be « = ¢ 


CO-EFFICIENT OF FRICTION OF A PARAFFINE OIL AT A VELOC ITY OF 300 FEET 
PER MINUTE, 


= 


TEMPERATURES. 


PRESSURE IN 
LBS. PER SQ. IN, 


90 995 100 


— - — ——- COEFFICIENT OF FRICTION, ——- 
1.5380 .4760).4260 3400 8020 £2680). 2389) .2120'.1900'. 1700). 1500 1380 
2 |. 2990 £2610) .2320 .2080 .1860 .1660 - 1500 £1840 £1210 .0990 OS00 
8.2197 £1853). 1060. 1487 .1333 21200 1080 .0980 .0880 .0800 (07383 .0675 
4 .1670 .1465 .1310 .1175 .1060 . 6960 -OST0 .0795 .0725 .0665 .0550 OWS 
5 |.1400 .1282).1104 .0966 0900 20816 0740 0676-0620 .0502 0520 .0476 (0426 
6 | .1217 .1067 .0960 .O870 .0717 0597 .0550 .0503 .0463 .0427 
7.1089 .0949 .0774 0706 20540 .0497 .0460 0428) 0888 0360 
8 .0978 .0858).0775 .0705 .0642 .0585 0540 .0498 .0458 .0423 0259 
9 .0900 .0791 .0715 .0651 0598 20544 0500! 0450 .0340 .0316 
10.0836 20732) .0666 .0606 .0508 0468). 0434 0372 .0824 080° 
11.0782 .0687 .0624 .0571 .0524 .0482 .0445 20384 20356 20830 20311 
12.0735 .0648 .0592 .05142 .0458 0423 0890 0340 (0277 
3.0695 .0615 .0561 .0515 .0474 20405) 0375 .0828 (0206 0285 .0266 
4 .0663 .0586 .0583 .0491 .0419 0389) 0361 0357 20317 0296 20268 .0250 
.0683 .0561 .0513 20475 .0435 £0375, .0849 6325 .0305 .0280 .0255 
6.0608 .0540 .0494 .0455 .0420 0890-0263) .0338 .0295 
7.0582 .0520 .0477 0441 .0407 0353 .0328 .6308 .0289 0255 .0244 
18 .0564 .0504 .0462 .0426 0295 .0242 .0321 .0801 0282 0264 .0250 .0237 
19.0545 .0487 .0448 .0414 -0335 .0314 0295 .6278 .0233 
20) .0528 .0473 .0435 .0403 .0875 .0349 .0307 .0289 .0273 .0257 .0241 .0227 
21.0510 .0460 .0424 .0394 .02364 0342 .0302 .0284 .0268 .025° -ORBS .0224 
22.0496 .0450 .0414 .0884 0284 -0314 £0280 0264 .0248 (0234 .0220 
23.0483 .0439 .0404 .0850 .0508 .0290 .0274 .0258 0244 .0216 
24 .0471 .0436 .0396 .0342 -03820 0802 .0285 .0269 .0254 .0241 .0226 .0213 
25.0460 .0418) 0386 .0360 20314 0296 20279 .0265 .0236 .0223 0210 
26 .0448 .0408 .0878 .0328 .0208 -O200 .0274 .0260 .0246 .0233 .0221 .0208 
27.0439 .0370 0346 0302 .0286 .0270 .0256 .0243 .0230 .0218 0206 
28 .0430 .0892 .0364 .0240 .0266 .0240 0216 0204 
29) .0421 .0386).0358 £0334 .0313 0277) .0263 .0250 .0237 .0225 .0213 .0201 
30.0413 20378) .0352 . 0228 .0289 .0273 .0259 .0246 0254 .0222 (0210 .0199 
31.0404 .0547 0328 20304 -O284) 0268 £0255 .0243 .0231 .0219 . 0208 0195 
32.0397) .0298 9281) .0265 .0252 02416 .6228 .0216 .0205 0195 
33.0390) .0358' .0313).0294 .G277!.« 252 £0249 .0257 .0226 .0214 .0208) .0192 
34.0382 .0853 .0880 .0809 .9290 .0260 £0246 0295 .0224 .0218 0202 
0347 .0325 .0804 0285 0270 .0256 .0243 .0231 .022y 20190 
36.0370 £0342 .0800 0283 02067 .0254 .0244 .0220 .6219 .0208 O198 
37.0364 .0336 .0297 -0264 .0239 .0228 .0217' .0206 .0196 
88 | .0358 .0332 0312 .0293 .0276 .0262 -0248 £0235 .0226 .0215 .0205 .0195 


89.0353 £0828 0308 20290 .0274 £0246 .0234 .0223 .0213 .0203 O198 
j 40 .0349 .0823 .0303 .0289 .0271 £0243 .0232 0221 .0211 .0201 .0191 


It does not seem feasible to deduce a formula which will meet 

the limitations of this table: and if such an equation were given, 
it could serve no practical use either in practice or theory, because 
it would be bound to these specific results, and unsuited for appli 


= 
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eation elsewhere; but from these results one can observe certain 
generalities capable of wide application. 

It will be observed that, in a general way, the coefficient of 
friction diminishes inversely with the pressure, and directly with | 
the fluidity of the oil, as indicated by the temperature ; and that 
the rate of these differences diminishes with the increase of press- 


ure. The reason for this is that the resistance due to the viscosity 
of oil is greater at low than at high temperature, and that with 
heavier pressures the film of oil is actually thinner, besides being 
relatively smaller in proportion to the pressure. 

On this account, the frictional difference between lubricants 1s 
much less at high than at low pressure during continnous lubrica- 
tion, although the differences in regard to endurance are more 
widely marked at high pressure. 

It is almost universally asserted to be a general principle that 
the coefticient of friction is independent of the pressure, regardless 
alike of the actual facts in the matter, and of the limitations of 


Morin’s Experiments,* which form the common source of authority 
on the subject. 


The coetticient of friction between any two solids is accepted to 
be a constant ratio; but when a lubricatimg medium is interposed, 
then the frictional relation between these three substances becomes 
variable, according to the effect of temperature, pressure, and 
velocity upon the lubricant, and the problem bears certain anal- 
ogies to those of lydrodynamics relative to the efflux of a fluid 
through a narrow orifice. When the pressures are great, these 
variables form such a small ratio to the whole frictional resistance — 
hat they escape observation unless the measurements of friction 
re taken in an accurate manner. 


If the lubricant is not used, the variables disappear altogether, 
nd then the coefticient of friction becomes reduced to a constant 
atio, This latter class of friction is rarely considered, except for — 
he friction of repose, in matters pertaining to the stability of 
tructures; while the problems of mediate friction enter 
peration of the moving parts of every machine. 


into the 


This is not the place to enter into a criticism of the work of 
Morin, but it should be observed that his investigations were de- 


* Nouvel! es o Mxpé riences sur le Frottement, Faites i Metz en 1831. 
Morin, Capitaine d’Artillerie. 128 "7 4°. Plates. 


Second Mémoire. 1832. 103 pp., 4°. Rie S. 
Troisitme Mémoire. 1833. 142 pp., 4°. Plates. 


Par Arthur © 
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voted to measurements of a sled upon tracks in the interests of | 


the ordnance corps; and although he made some experiments upon 


friction of oiled bearings, they were not subjected to the continu-— 
ous friction of lubricated journals under conditions analogous to 
those in machines, 

In a letter * written March 15, 1879, Gen. A. Morin said | Trans- 
lation], “The results furnished by my experiments as to the rela- 
tions between pressure, surface, and speed, on the one hand, and 
sliding friction on the other, have always been regarded by myself, 
not as mathematical laws, but as close approximations to the truth 
within the limits of the data of the experiments themselves.” 

Considerations of safety have fixed the minimum limit of the 
flashing point of a lubricating oil at 300° Fahrenheit, with a pro- 
portion of volatile matter not exceeding five per cent. thrown off 

+ exposure to 140° Fahrenheit for twelve consecutive hours. 
With the saving clause of proper limits of pressure, a fluid oil offers: 
less frictional resistance than a viscous one. 

Although the data in Table I. show that the coefficient of friction 
diminishes with the increase of fluidity, it does not warrant any 
extreme position in respect to the use of thin oils, except for light — 
pressures, because, under all circumstances, the film of oil must be— 
thick enough to keep the surfaces of a journal from actual metallic: 
contact. In the severe work of heavy pressure a viscous oil must. 
be used in order to retain its place upon the bearing surfaces in 
sufficient thickness to prevent the inequalities upon the journal 
from colliding. In some places, it has been found that the use of - 
‘an extremely thin oil resulted in a diminution of the friction of the 
machines at the expense of more rapid wear of the journals. Such — 
results are not apt to occur upon journals of light pressure, such as’ 
spindles, where a thin oil is used with good judgment. 


* Transactions Institution Mechanical Engineers of Gt. Britain, 1883, p. 666 
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March 12, 1883. 


Frictional Tests of No. 58 Unknown M ineral Oil, 
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BOSTON MANUFACTURERS’ MUTUAL FIRE INSURANCE CO. 


Temp. Disc. Ending.........95 | »;,.,, § Ending 8 (Ending ......910,382 

 Beginning......35 Beginning........ 10.10 Beginning ...904,168 

= > Ending......6 Total Revolutions. ........6,.220 

Temp. Room Beginning. ..62 | Duration of Experiment.....21 | Rev. per Minute } 296 
| Feet 


Counter 


. Pressure on frictional surfaces, 33 pounds per square inch. 


Dynamo- Coeff. of 
meter, Friction. 


| 
Dynamo- Coeff. of Dynamo- ‘Coeff. of 


Temp. meter, Friction. | TE™P- meter Friction. 


Temp. 
| 
.0485 64 


5.45 


0.80 


6.10 


14 


-0265 


torcr 


.0260 


.0310 


. 0300 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4.3 
1.36 
4 
4 
{ 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 


O. 


Table IIL. shows the record of a test of a very limpid mineral oil 
which reached, in the frictional machine, its limit of lubrication at 
82° Fahrenheit under a pressure of 33 pounds to the square inch ; 
beyond that point, the oil became so fluid that the pressure reduced 
the thickness of the sheet of oil, until portions of the surfaces met 
in actual contact. 

At lower temperatures, the greater resistance shows a large co- 
eflicient of friction on account of the viscosity of the oil, while the 


36 7 288 v4 
37 6.6 95 
38 6.4 
39 6.30 68 
i] 40 6.12 0371 69 | | = 
41 6.02 70 275 j 
7 42 5.90 71 
43 5.82 | | 
44 | 73 
45 5.68 | 74 | | 
48 19 77 | 
49 1.42 78 
50 6 0325 
51 2 x0 
53 2 §2 
55 
57 8.06 
58 3 87 
59 9 88 
60 5 89 
-@ 1 90 0297 
62 8 91 
63 4 92 wi 
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rise in friction at higher temperatures, as shown in the upper 
part of the curve, indicates a resistance produced by the collision of 
portions of the dises, and the diagram illustrates a graphical repre- 
sentation of the beginning of a hot bearing. 

These results have been submitted in the hope of presenting 
facts which will add somewhat to the means for a fuller treatment 
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of the problem of lubrication, The several economies pertaining 
to lubrication operate at the expense of each other. An economy 
of oil may representan extravagance in motive power; a liberal 
allowance of limpid oil may save motive power at the expense 
of the repair account if it fails to keep the surfaces free from con- 
tact with each other, and above all the final result must show 
he greatest amount of lubrication for a dollar. Lubricants are 
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wasted, not worn out by attrition, and it is of more importance to 
know how to use oil, than what oil to use. Safety having been 
first assured, the problem of lubrication seeks to know what com- 
bination of oil, coal, and repairs will represent the fewest dollars ; 
and in its broad sense, it cannot be solved on any experimental 
basis, nor settled by a tinal dictum from any one source, but it will 
reach its solution through the practical experience of intelligent 
observation, aided by the resources of technical science. 7 


DISCUSSION. 


Prof. Thurston—As you will see, in determining how we shall 
handle rubbing surfaces, we have to consider, not simply the 
method of distribution of pressure and the magnitude of journals, 
but the magnitude of the coefficient of friction, and the amount of 
heat that will be developed on any journal is evidently propor- 
tioned to the amount of work that is done in overcoming friction. 
The heating of the journal is increased as the amount of work in- 
creases, and the power of cooling is increased as the area and the 
length of journal isincreased. But, nevertheless, if our coefficient 
of friction becomes high, it is difficult to control the heating of 
the journal. Studying the values of the coefficient of friction ex- 
perimentally, we find that they are changed by every physical 
change that occurs in the lubricants, in the lubricating surfaces, 
or in the method of handling them; and it is only within a very 
few years that it has been discovered that the laws of friction, as 
formerly enunciated, were entirely wrong as applied to lubricated 
surfaces. The old so-called laws of friction applied to the dry 
friction of solids. Now we find that, not only is the friction of 
lubricated surfaces entirely different from the friction of unlubri- 
cated surfaces, as to its magnitude, but also that it follows en- 
tirely different laws, and that the absolute value of the coefficient 
is modified by every physical change that is produced, either in 
the substances used for lubricants, or the substances used for 
bearings on rubbing surfaces. What has been most needed of 
late years, by the engineer, has been a determination of the values 
of this coefficient of friction for the conditions under which we all 
work. Now the range of conditions is enormously great. In 
cotton-mill and woolen-mill practice, where we are handling 
spindles, the pressures come down to a few pounds to the square 
inch. In heavy machines, they go up to hundreds of pounds to. 
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the square inch. On the crank-pins of our heavy engines, they 
run up to as high as 1,200 pounds, and under the pivots of draw- 
bridges they run up to as high as 9,000 pounds, and, under all 
these conditions, engineers find ways of making their work suc- 
cessful. Sut, nevertheless, the determination of methods of pro- 
portioning has been a tentative process entirely. We do not yet 
know precisely what are the laws governing friction under these 
various conditions. But this we have found out: that the pro- 
portional resistance of friction is reduced in a very rapidly in- 
creasing ratio by increase of pressure. We have also found that, 
with any given lubricant running under good conditions, the resist- 
ance decreases as that lubricant becomes warmed up, and the law 
again changes. Thus we find that every change of pressure, diame- 
ter, and speed, produces a change in the value of the coefficient of 
friction. So many conditions come in to determine what shall be 
its exact value, that no one yet has been able with any satisfac- 
tory degree of accuracy to express these laws mathematically, or 
to express in their analysis all of the many conditions that deter- 
mine what shall be the magnitude of the coefticient of friction, or 
what is the magnitude of the journals and rubbing surfaces that 
we should adopt. The way in which this investigation is best 
made is well illustrated in Mr. Woodbury’s paper, and in the ta- 
bles in that paper are found the coefficients. Making experi- 
ments with the oil reported on, and with sperm oil and various 
other oils, we may finally establish a set of values which can be 
used in designing: and this is the first step in so doing. But Mr. 
Woodbury has been working with very low pressures. In the 
record which he presents to-night, he goes to 40 pounds to the 
square inch, which in mill machinery is high, but in heavy ma- 


chinery is very low. Fortunately, to complement this work of © 


Mr. Woodbury, we have experiments made for the British Insti- 


tute of Mechanical Engineers some time ago by Mr. Tower, where — 


the pressures were carried up to the higher figures which the en- 

gineer reaches in actual work. Taking the two together, we have 

to-day a very valuable set of tables for the engineer’s purposes ; 
‘ and by reference to this work we can learn what are to be ex- 
~ peeted to be the coefficients of friction for work of whatever kind 
we may be engaged in, and for pretty nearly every range of con- 
_ ditions ordinarily met with. The range of pressure met with by 

engineers is something very great, and the behavior of the differ- 
ent metals is very differ any given set of conditions, but, 
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fortunately, we find that these heavy mineral oils, which are to- 
day almost entirely superseding the animal and vegetable oils, 
have qualities which fit them to take any desired place in the 
series. That is to say, under very light loads, we can put in the 
lighter oils. Under the heavier loads, we can put in the heavy 
mineral oils. 

There is still another thing that is found to determine largely 
the value of the coefficient of friction in many eases, and is still 
more effective in producing changes, and that is the method in 
which the lubrication is carried on. I suppose that no one in the 
profession five years ago imagined to what extent the method of 
lubrication affects the value of these coefficients of friction. But 
it is found now, especially at high speeds, that we can adopt 
the oil-bath system of lubrication, 7. ¢., running the journal in a 
flood of oil, and the coefficient of friction can thus be brought 
down, in many cases, to small fractions of what are common val- 
ues with the ordinary systems of lubrication. I received a let- 
ter lately from a gentleman, asking me why my figures differed 
from what he obtained from some oils. The difference was one 
of 100 per cent., and was simply due to the fact that he had the 
oil-bath system of lubrication, while I had the ordinary system of 
lubrication by the oil-cup and wick. He fed in his oil very freely 
and on the sides. He got for a coefficient of friction of a light 
oil two-thirds of one per cent., while, under the same pressures, | 
obtained, by the other system, coefficients of about one per cent. 

Sut that is not at all extraordinary, in comparison with the differ- 
ences we met with in other cases. For example, Tower obtained 
coefficients of one-tenth of one per cent. In my experiments the 
coefficient would have stood about one per cent., that is to say, a 
difference of ten to one is made by the methods of applying the 
oil. 

I will not stop to say anything about the machine that Mr. 
Woodbury has devised. Itstrikes meas exceedingly well adapted 
to do the work. I want to suggest to members the advisability of 
obtaining the paper of Mr. Woodbury, and also a copy of the 
paper of Mr. Tower. Taking the two together, we have a set of 
values of the coefficient of friction which will be a very useful 
guide ; but it will be necessary to remember that Tower's results 
are obtained by the method of flooding the journal by the oil- 
bath system. 


The rate of motion of the two surfaces, one upon the other, is a 
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condition that affeets the value of the coeflicient of friction. For 
example, with oil-bath lubrication, I suppose that the journal acts 
like a pump, forcing in the oil between itself and the bear- 
ing, and so holding itself upon a fluid cushion, and in that way 
bringing down the coefficient of friction to the marvelously low 
figure that Mr. Tower obtained. It is a very curious, aml very 
interesting, and very instructive thing, and I will take time to indi- 
cate what oceurs. Suppose that the upper surface of a journal, 
which is loosely fitted, be represented by a sketch on the black- 
board, and that the load is thrown on the bearing as shown. 
If this journal is driven at very high speed in a bath of oil, 
it acts like a pump, and carries up the oil, forcing it up into 
this space between journal and bearing, and it presently can- 
not go further, and a returning stream is produced, and an 
eddy. Now the effort to drive that oil in there at high speeds of 
rotation is so great that the pressure on the crown of the journal 
becomes very high. That fact was discovered by Mr. Tower in 
this curious way. There was an oil-cup, originally, on the top, 
and the oil-hole had been plugged for the purpose of using the 
journal in this way: and after a while it was observed that the 
plug came out. It was then driven in pretty hard, and it was 
foreed out again. After some experience of that kind, Mr. Tower 
put on the oil-hole a steam-pressure gauge, and the gauge-hand 
went up to 200 pounds to the square inch. But it is perfectly evi- 
dent that this forcing action drives in this volume of oil, and holds 
it in there, with a pressure that is greater as the velocity of turn- 
ing becomes greater; so that, with oil bath lubrication, where the 
maximum pressure did not exceed 200 pounds to the square inch, 
it was forced directly over the crown of the journal, and the jour- 
nal was simply running on a cushion of fluid, and that brought 
down the coefficient of friction to this marvelously low figure. 
That is a condition very frequently met with in engineering prac- 

ice, and, while using the oil-hole and oil-cup, we often cut a groove 
and run it down laterally. But we are then losing a certain part 
of the efliciency of this pumping system, and the correct method, 
for high speeds and heavy loads, is to adopt lubrication at one 
side and make a flooded journal. If we make this action effect- 


ive, and the cap of the journal comes down within a very minute 


distance of the journal, but does not touch, we have a journal 
running on a fluid cushion. 
The laws of friction here illustrated are the laws of fluid fric- 
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tion. The laws of solid and fluid friction are entirely different. 
With solid friction, the resistance is, within certain limits, entirely 
independent of the rate of rotation. With fluid friction, it in- 
creases with the square of the velocity of rubbing. It was found 
by Mr. Tower that, under certain conditions, he had such a rate 
of change in his values of the coefficient of friction that it was 
easily to be seen that they might, after a while, at still higher 
speeds, assume a very objectionable magnitude. But, in ordinary 
journals, we have a friction partly made up of friction of rubbing 
of the parts in contact, and partly made up of fluid friction. In 
these experiments, before attaining 200 pounds pressure, he did 
not reach the conditions of fluid friction, the resistance of fric- 
tion varied, not as the square of the speed, but as the square 
root of the speed; so that, in the very best case of lubrication, 
the method of lubrication being however perfect, the friction is 
neither the friction of solids nor the friction of fluids, but is inter- 
mediate. In all these cases, and under these various conditions 
affecting the method of application, it is impossible to say what is 
the law. There are many laws involved; but, as Mr. Woodbury 
says in his paper, no algebraic expression is yet obtained, or is 
likely to be obtained, that will be of any great value to the en- 
gineer. | Applause. | 

Mr, Towne.—In anticipation of the debate we will undoubtedly 
have on this very interesting subject, I would like to supplement 
very briefly what Professor Thurston has said in regard to the 
experiments of Mr. ‘Tower. In the first place, they are to be 
found in the report of the proceedings of the Institution of Me- 
chanical Engineers of Great Britain of January or February of 
this year. 

Prof. Thurston.—Also in the London Engineering of about that 
time, and I do not know but that they may be published in this 
country. 

Mr. Towne.—It is also a miatter of practical interest at least 
to mention other deductions that Mr. Tower makes from his work. 
As Prof. Thurston has said, the best possible condition of lubri- 
cation for a journal is that of the oil-bath. But of course that is 
often not available, and Mr. Tower addressed himself to deter- 
mining the best conditions where that is not available. The next 
best form, if I remember rightly, is what he called pad lubrica- 
tion, the journal running in a half box and being lubricated by a 
pad of wool, or some similar substance, containing the oil and 
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constantly in contact with and rubbing the journal, and deposit- 
ing the lubricant in that way. Next to that he found, where the 
lubrication must be by oil-cup from above, that where the press- 
ures became at all high, lubrication at the apex or top of the 
journal was at precisely the worst possible point. It was exactly 
the wrong place for the introduction of the lubricant. It was a 
very curious and striking fact which he discovered, that with the 


ordinary groove in the top of the box, and receiving its supply 
of oil through a vertical tube above, the oil, instead of coming— 


down through that tube and being distributed through the groove, 
the groove acted as a seraper and took the oil off the journal and 
forced it up into the tube. And finally, for journals of that class, 
he determined that points about 120 degrees apart properly sup- 
plied or fed with oil from above were the most efticient for intro- 
ducing oil where it had to be supplied in that way. 

Mr. Schuhmann.—A few months ago the same subject came 
up for discussion before the mechanical engineers of Germany. 
One of the gentlemen stated that he had the same trouble which 
Prof. Thurston just spoke about, because of the journal-box 
closing in on the sides, scraping the oil off and causing the journal 
to heat. It was used on an old style rolling-mill engine, and, 
owing to the action of the crank, one would expect the journal to’ 
wear at b (Figure 85), but it continued to press hard at / and be- 
gan to open at a, so that liners could be inserted. He then put 
bolts through the body of the pedestal, to hold the sides back, 


and prevent them closing in on the shaft (Figure 86). Subse- 
quent experiments proved that the friction was reduced consid- 
erably, and the journal did not heat again. If those of the gen- 
tlemen who understand German will read Stah/ und Eisen of July 
last they will find the discussion about this very interesting. 

Mr. Holloway.—In building large vertical engines we have found 
that same difficulty, the tendency of the brass to turn in sideways 
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and bind—and I have used the means referred to above, putting 
bolts at the side for pulling out the brasses, for several years. I 
am glad to know it is considered a good plan. It met with good 
success with us. 

Mr. Kent.—In some rolling-mill machinery it is customary to 
have four brasses, two above and two at the sides, with a large 
space between adjacent brasses at the corners. The pressure in 
that case is partly vertical and partly horizontal. Each side brass 
has its own separate adjustment. Binding is thus prevented, and 
ease of lubrication insured. 

Mr. kmery.—t think the whole Society should congratu- 
late itself that we have those among us who are competent to un- 
dertake this class of work, and to make such investigations as are 
a credit to themselves, to the Society, and to the country, as well 
of benefit to the world at large. 

Dr, FL W. Arvine® (by invitation).—I must thank you for your 
courtesy in giving me an opportunity to speak to you. But | 
really do not feel competent to add anything to the question which 
I know by practical experience involves so many intricate prob- 
lems. It occurs to me, however, that in listening to these gentle- 
men, and having read something of their writings before, that 
what they tell us is of exceedingly great interest to a designing 
engineer, and of great interest scientifically considered. But to a 
practical man who wants to know what he needs to put upon his 
engine, the value of the “ coefficient of friction ” is extremely low. 
We know perfectly well that it depends upon so many conditions 
that are difficult to maintain and to understand. Even the wisest 
admit that there is very little yet found out which throws a prac- 
tical light upon that subject. For instance, we know pertectly 
well when they decide the coefficient of friction of paraftine oil, on 
two polished surfaces made to fit perfectly, we gain no light at all 
on what we need to use on bearings that do not fit equally well, 
or have the same finish. If we are to decide how to construct a 
bearing, what its proportions would be, how large a segment it 
should cover, all of these researches would be directly in point. 
But if we have an engine that runs hot, or a certain construction 
of railway bearings that makes it difficult to find a suitable lubri- 
cant, these investigations afford us no light whatever, and I think 
that any engineer will agree with me that crediting all possible 
value to researches regarding the coefficient of friction, what we 
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want most to know is vastly beyond that. For instance, an engi-— 


-my engine ran cold, ] am now using such a paraftine and it runs 
hot.” We find on examination that there is no practical differ- 


ence between the two, but when we come to apply them to a 


work alike. When we apply them to spindles we find that two 
parattine oils often bear no relation to each other in their practi- 
cal behavior. We find that one will run at a much higher tem-_ 
perature for some obscure reason. We might think it due to its — 


on that. In some instances, too, the results which we obtain are | 
exceedingly contradictory. The Rochester and Pittsburgh Rail-— 
road Company run their cars with a bearing, the surface of which — 
is composed apparently of lead. There is a very thin film of lead- 
--it appears to be lead—spread over the inner surface of the com- 
position box, which looks as though it might be gun metal. They 
say they will run an oil on this soft bearing that I know positive- 
ly fails under similar circumstances, and on the same class of cars: 
on the Erie, New York Central and Delaware and Lackawanna— 
just why, I cannot say for the life of me. I know that that shaft 
will sink down on that bearing, and yet it rans cold and runs on a 
very cheap oil. One of the Standard Oil Companies manufactures 
un oil which is composed largely of a mineral base which is united 
with a fatty acid. All things considered, that oil has been the 
most successful for running cold of any oil used onrailways. And 
vet that fails to equal some other cheaper oils on the friction test- 
ing machines. We have had occasion lately to make some com- 
parative tests on fast running spindles of the Sawyer pattern. 
We have half a dozen oils from Europe and several made in this 
country: Taking a spindle frame, which I have by the kindness 
of Mr. Woodbury, and adapting a dynamometer of my own, I ex- 
pected to find that oils that had the best body would be the best 
oils for those spindles. I found I did not know anything about 
it. After having read many papers and listened to a great deal 
of talk from gentlemen who know a great deal about it, I found 
that the spindles did not bear out anything that I expected. Now 
a spindle that was nicely fitted behaved in one way; but a spin- 
dle that was badly fitted behaved very differently. The effect of 
this was to establish a friction of its own in addition to the frie- 
tion which we generally speak of as due to the oil itself. If we 
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put on oil that has good body the heat increased very rapidly. 
Now we should say at first that that was an objection to that oil. 
Sut we found after running them for a short time that the oils 
that gave us the best results in the economy of power were the 
ones that produced the most rapid wear. We found that after 
running constantly at some 6,500 revolutions a minute that it had 
lost as much as ,\; of one gramme in actual weight. When we 
took another paraffine oil the wear was not one-half of that, and 
there seems to be no apparent reason for it. One reason why 
these spindles of the Sawyer pattern run so well with these oils is 
that they run on a “flooded bearing.” I have come to think 
lately that the question of wear on bearings as ordinarily found is 
one of vastly more importance than the cost of oil, One large 
mill owner came to me recently and said that he wanted an oil 
for his spindles. He said he did hot care whiat it cost. He said, 
“ after running some eleven mills for many years I have discovered 
that we sustain such great loss by wear due to poor lubrication, 
as to make the mere price of the oil unimportant.” 

Referring to the diagram and whiat was said about the com- 
pression of journals, I noticed once a peculiar fact. When the 
engines of the Brooklyn Bridge were started the faulty construc- 
tion of the bearings and journals caused rapid heating. I think it 
was generally believed by the engineers who examined them that 
the construction was faulty. The main bearings were like those 
shown in Figs. 85 and 86, and the pinching on the sides appears 
to have been such as described. While watching those bearings 
quite intently one day I happened to put my finger on the shaft 
(which I think measures eleven inches in diameter) at a place 


where it showed extra pressure on the box, and I found it quite 
hot, while just an inch and a half from that section the shatt felt 
cold, showing how great and intense mu-t be the heat generated 
when the conductivity of such a mass of iron failed to remove it. 


It seems to me that the conditions and behavior of those journals 
corresponded with what Prof. Thurston has just described, and 
the binding in all such cases being simultaneous with an increase 
of temperature, I am led to wonder if it be not due to expansion 
by heat rather than to yield in the journal. 

We generally find that where we can use oils of higher viscosity 
ordinary machinery bearings run colder. But in some instances 
of high speed and heavy pressure only thin oils answer at all, and 
the bearing must be flooded. I believe the engines of the Edison 
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Electric Light Company, which run the dynamos in Pearl Street, - 


are rated 75-horse power and run at the rate of 375 revolutions 
per minute. Iam credibly informed that the oil they are using 
on these engines is the only sort yet found to run cold, ‘This is 
an oil of about 32 degrees Beaumé gravity, which is almost as 
light and fluid as common kerosene and requires to be supplied 
constantly. I have come to think that this arranging of a steady 
current of thin oil is a very desirable plan wherever it can be 
practically carried out, as in ease of the Sawyer & Rabbeth spin- 
dles, and nicely finished and fitted bearings of larger dimensions 
like those in the machines these gentlemen have devised for test- 
ing oils, With bearings nicely finished and journals carefully 
scraped and ground to fit, an abundant and constant supply of 
thin oil will give the best possible result in keeping the bearing 
cold and saving power. With such machines you may learn much 
of the proper proportions of bearings, and of the conditions of 
friction in relation to pressure and speed, and of oils, too, under 
the exact conditions of these machines, but nothing of the require- 
ments of machinery in common use. Why, these gentlemen think 
of a journal and bearing as two eylindrical surfaces in perfect 
contact. It would be more scientific and practical to regard the 
tit of ordinary bearings like that of a pea in a bushel basket. In 
any instances one point of contact would be almost too much to 
expect, and the “ body” or viscosity of the oil must make the fit. 
[ know by my own observation that the results obtained in test- 
ing heavy lubricating oils on these machines do not correspond 
with the practical working of these oils on railway axles and other 
machinery, and any engineer to whom you might supply oils 
selected from such data, would soon come back to you, as the 
saying is, ‘* with tears in his fist and his eyes doubled up.” We 
have been there—both sides. 

The fact is, the most important conditions under which these 
tests are made, are the very ones that can only be maintained 
under special and unusual circumstances, and are never found in 
the great mass of machinery that must be lubricated. This 
makes the frictional tests by special machines worthless as a 
means of selecting lubricants, and a delusion to those whose 
opinions of oils are thus founded. 

I believe that the great value of these friction tests, and the 
machines by which they are made, lies in another direction: for 
we know that scientific research lies at the root of all industrial 
progress. But I think we must try an engine oil on an engine, a 
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- spindle oil on a spindle, and a wagon grease on a wagon, all as 
nearly as possible under the ordinary conditions, to learn anything 
of the real value of the lubricant. 

While speaking of spindle oils, [ should have added that 1 
found their bearing parts did not wear bright. [ considered their 
frosted look as indicative of a friction I saw no way of estimating, 
although it was attended with rapid wear. With oils of higher 
viscosity and heavier gravity the bearing surfaces polish like a 
mirror, even though the friction, jadging by the power consumed, 
is much greater with the more viscous oiis. I infer that we ean- 
not judge of the actual friction occasioned by the moving surfaces 
in contact, while we are unable to estimate separately that friction 
attributed to the oil itself. For using a thin oil we decrease that 
one friction so greatly that we cannot note any lesser increase in 
the other which occasions wear. If it be true that the question 
of wear is frequently of paramount importance in choosing special 
oils, then a low coefticient of friction is no measure of value, and 
our frictional tests are worthless as a means of judging. 

It is frequently said that we have petroleum oils which alone 
answer all requirements of lubrication. It is not so. I wish 1 
was. I believe practical experience fully proves that im many 
instances compounded oils are best. Sometimes athin petroleum 
oil with a small portion of animal oil gives better results. You 
may find instances where the best petroleum oils do not answer 
on an engine, when lard oil or a mixture principally lard oil keeps 
the engine cold and is every way satisfactory. ‘This is sometimes 
the case whether the petroleum be of heavier or lighter gravity 
than the lard oil. But I am glad to say these are rare instances. 
where petroleum oils do not answer every requirement. 

I do not feel that I have much information as yet that will seem 
to you as profound or new. I can, at most, only hope in throwing 
out these rough suggestions, to give a clue to facts which may 
enable others here to learn much more of that we need to know 
than I shall be able to discover. 

Mr. Woodbury.—In the course of work with transmission dyna- 
mometers I have had cause to note the variations in the frictional 
resistance of the dynamometer caused by differences in the rate 
of lubrication, and the method of freely oiling the bearings was 
adopted in order to render the friction constant as far as practic- 
able. In some instances, the oil has been heated over a water 
bath, in order to render its fluidity constant, but that seemed to 
be a futile attempt at refinement. When I designed my friction 
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machine, this experience with the dynamometer caused me _ to 
consider the method of obtaining a uniformity in the method of 
lubrication, by preserving a constant head of oil in the glass feed- 
ing tube. 


The friction of a lubricated bearing follows some law of fluid 
friction unless there is contact of the journal and its bearing ; in 
which instance certain features of solid friction are introduced. 
In time, a journal. will wear to a fit. All journals in good order 
float upon a film of oil; and that matter was brought to my 
attention by the ease with which one could push a certain line of 
heavy shafting weighing with its pulleys 56,000 pounds. When 
in motion, a pressure of about five pounds applied to the end of 
the shaft would foree the revolving mass as far as the collars on 
the shaft would permit. In designing my friction machine I used 
the method of sustaining the upper spindle of the friction machine 
between collars revolving in reverse directions as described in the 
paper, 


The conclusions of the experiments of Mr. Tower in 1885 are 
in accord with those of mine, made in 1879, whenever the same 


issues were considered, although the apparatus was dissimilar, 
and he confined his attentions to pressures of from 109 to 625 
pounds per square inch. 

His apparatus was a refinement of the method used by Hirn 
in 1856, both using the friction of a weighted cap upon a eylin- 


drieal bearing. Hirn secured a weighted seale-beam to this cap 
and kept it in equilibrium by placing sufficient excess of weights 
in the seale pan whif was pulled upward by the revolution of 
the journal. Tower hung weights in a cradle suspended on 
knife edges below the eap, and obtained the frictional moment by 
the torsion of the cap produced by the rotation of the journal. 
Such small measurements introduced many difficulties in matters 
of observation, and later he modified his apparatus by placing a_ 


sufficient number of weights in a scale pan at the end of an arm 
projecting from the eap of the journal to keep it in a position of © 
equilibrium. 


In my first paper on friction reference was made to experiments | 
showing that the lubricating property of oil was not coincident | 
with its specifie gravity or fluidity, and it is a matter of gratifica- 
tion to learn that this is so fully confirmed by the broad practical 
experience of Prof. Arvine. 


The following table contains the results of ‘some experiments 


upon this subject. _ 
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Although only one series of temperatures is given, the work ex- 
te nded from 60 to 150 degrees, and the details are given in the - 
former paper on friction. 

This work was undertaken on behalf of the Factory Mutual 
Tnsuranee Companies on account of the great number of fires 
cascribed to lubricating oil, either by spontaneous combustion or 
hot journals, and IT have submitted those portions presumed to be 

of general mechanical interest. Within the last five years the 
mineral oils have been improved in their characteristics ; and the 
use of pure animal oils unmixed with mineral oils has become— 
infrequent. In 1875, out of 257 samples of lubricating oils, 53, _ 
or about one-fifth, contained from 10 to 30 per cent. of matter | 
volatile at the ordinary temperature of a bearing. At the present 
time the proportion of such volatile matter in the mineral oils— 
used in the textile mills, within my experience, is less than two 
— and one-half percent. Of course, I cannot say what it may be in : 
the general market. With other improvements, the flash test of 
oils has been increased, thus adding to the element of safety. 


It is difficult to state the measure of the improvements in the 
lubricating properties of oils, but they are undoubtedly very 


material, 

It would be greatly to the advantage of the underwriters and — 
of all consumers of lubricating oils, if pure mineral oils could be 
used for all purposes of lubrication, and oiling wool; but when- 
ever a lubricant is to be subjected to severe usage, either by 
reason of pressure, excessive velocity, or poorly fitted journals, 
then an admixture of animal oil is very desirable ; while for oiling 
wool, no substitute, capable of giving general satisfaction, has — 
been found for lard or olive oil. 

The purposes of the underwriters in interest in this matter of 
friction have been reached, and the work is at an end for the 
present, but I trust that some one will investigate the friction of — 
oils solely from a technical stand point, and obtain results capable: 
of permitting a solution of the problems of mediate friction in- 
matters pertaining to proportions of journals, use of lubricants, 
and also the physical characteristics defining the lubricating qual-_ 
ity of oil. 

In breaking down the custom of applying the laws of solid frie- 
tion to problems of lubricated surfaces, there is no rule left to fill 


the place. 
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CLXIV. 
NON-CONDUCTING COVERINGS FOR STEAM PIPES. 
Conclusion.*] 


BY PROF. JOHN M. ORDWAY PRESENTED BY C. J. H, WOODBURY, BOSTON. 


INTRODUCTION. 


Tus paper forms the conclusion of the investigations made for 
the Factory Mutual ak Companies upon non-conductors for 
steam pipes, and contains experiments upon the relative value of 
methods suggested in the course of the discussion upon this sub- 
ject at the last annual meeting of this Society. This supplementary 
work was undertaken in order to decide by actual experiment 
whether the value of a non-conductor can be determined in a more 
accurate manner by an actual calorimetric measurement of the heat 
radiated from a protected pipe containing steam in active circula- 
tion, as is generally the case where such protection is used; 
whether the desired facts could be obtained by the usual method, 
estimating the loss by radiation on the assumption that it was rep- 
resented by the thermal equivalent of the water entrained in a 
pipe of quiescent steam. The comparative results have in every 
particular given the preference to the method originally used 
this work, of measuring the actual loss by radiation by means of 


calorimeters fitting around the pipe covering. 
In carrying out this second series of experiments, measurements 
have also been made of the radiation from envelopes of numerous 
materials which have been suggested since the former paper was 
read. In this connection it must be emphasized that the use of 
combustible organic material is not recommended for steain pipe 
coverings unless protected against fire by water-glass, or some 
equivalent material which is both non-combustible and adhesive. 


The experiments, of which an account is given in the forme: 
report, were limited mostly to samples of pipe coverings sent in by 
different manufacturers. It had been hoped that many other trials 


* See Vol. Transactions A, M. E., pp. 73 and 212. 


NON-CONDUCTING COVERINGS FOR STEAM PIPES. 
might be made, but steam could be had only a few days after the 
middle of May, and the building was altered during the following 
half year, so that the work could not be resumed till winter, At 


length the machinery was removed, the room was extended, and 


M% IN.TO A FOOT 


IN.TO A FOOT 


special apparatus was fitted up for continuing the investigation, 
The steam was now taken froma large pipe connected with three 
. 
boilers about one hundred feet away. 


I'o make experiments on condensation, a two-inch pipe was set 
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at a convenient height, with an upward slope of about four ee 
grees, as shown in Fig. 40. Three branches, g, h, 4, directed down- 
wards, served respectively to receive the returning water from the 
1, 2 and 30 toot lengths ¢,e, f. To the elbow 6 was connected a 
blind pipe 30 inches long, similar to the one shown in Fig, 42. 
The steam, after traversing the 2-inch pipe, passed downwards 
through the pipe ¢ and entered the general circulation of the build- 
ing at m. A valve interposed between ¢ and m is not shown in the 
drawing. Thermometers 2 and p showed the temperature of the 
steam, which was generally about 155° C,= 311° F. 
The heat within the pipe being so high, of course the condensed 
- water was overheated and could not be drawn off, from time to 
time, without some loss by boiling and vaporization during its 
escape. This is a trouble which necessarily occurs in all experi- 
ments by condensation, and I was unable to devise any way in 
which the error could be wholly avoided. It was lessened as much 
as possible by drawing the water very slowly through a double 
siphon of glass tube, of $ inch bore, into a glass flask. This ar- 
rangement is shown in Fig. 41 at y, #4. A small brass tube would 
answer as well, for one can tell when the water is all out by a sud- 
den change in the rushing sound. 

It is also difficult to get stop-cocks which are tight enough and 
will continue so for any length of time. It was expected that 
whatever water came forward with the steam would be intercepted 
by the pocket 4, and that therefore what collected in 4 would be 
due to the condensation by e, and what was drawn off from g would 
show the amount condensed by 7. But these reasonable anticipa- 
tions were not realized. In fact, on trial of the naked pipe, the 
condensation by the two-foot piece was almost as great, apparently, 
as that by the thirty-foot length. 

The whole was then wrapped with cotton batting, and still the 
anomaly continued. As the mean of two trials the 


30 ft. length gave 19 grams of water, per foot, per hour. 


Blind 23 ft. “ 31“ « 


Now the blind pipe must have given the most nearly correct re- 


sult, for whatever entered it had no chance to go beyond or to go 


back. Hence it is evident that much water was brought in with 
the steam, and it was not all retained by the first pocket, but some 
was pushed on into the second; and much that should have run 
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back into the third pocket, after being condensed in 7, was thrust 
forward into the pipe i. It seemed quite possible that the cooling 
in f produced mostly floating mist instead of running water, and 
this mist was swept onward by the current of steam. 

As some changes in the boiler connections rendered it necessary 
to suspend the trials for a time, it was thought best to make a new 
arrangement of the pipe meanwhile, with a view to obviate the dif- 
ficulty already experienced. Accordingly the whole structure was 
altered to the form shown in Fig. 41. The steam was admitted as 
before through the pipe a, and the final outlet was through a trap — 
t into a pipe returning to the hot water tank, To the elbow 4 was 
attached a 24 ft. blind pipe, to wa 10 ft. blind pipe, and to v another 
5 ft. long. This latter is shown, in side view, in Fig. 42. But all 
the blind pipes were furnished with the glasssiplon tubes like y, 
Fig. 41. The pockets 2 were made of 1} inch pipe 2 ft. long. All 
the siphon pipes y were held steady by upright wooden supports 
not shown in the drawing. The running pipes e and 7 were 2 and 
30 ft. long respectively. 

This arrangement was an improvement on the former one, as it 
was now possible to compare blind pipes of different lengths; but 
with the running pipes the anomaly still continued. Thus, after 
covering only the pockets with cotton batting, an average of 5 tri- 
als showed for the condensation per foot per hour: 
| ft. Blind 


] 


~ 
- 
0 
» 
~ 


20 ae 


After covering the whole with cotton batting, so that the external 
diameter was about 4 inches, the apparent condensation in three— 
trials per foot per hour was: 

ft. Blind 46 
‘ 39 
38 

eo 


‘~ 


28 


So while the blind pipes were pretty uniform in their vield, both 
the running pipes were very variable. The 2 ft. length gave nearly 
twice as much as it should have done, and the 30 ft. piece gave 
little more than half of the true quantity. In many other experi- 
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ments, the results with the running pipes were equally irregular 
and at variance with the probable truth. 

The time required for other experiments did not allow any other 
transposition of pipes, and therefore [ was unable to determine far 
a certainty why the long running pipe yielded so little condensed 
water. 

It seemed likely that mist or “ priming” in the steam might ac- 
count for some of the irregularities, and so condensation calorime- 
ters were fitted up for testing the quality of the steam. One of 
these is shown in section in Fig. 48. Fig. 44 shows the same as 
seen from above, a the calorimeter body, made of No. 25 sheet 
brass, 6 the cover, provided at the top with a short tube p, so that 
the cotton packing may be kept from interfering with the stem / 


of the stirrer m. This stem is kept in position by the pin w passing 


through a hole in the brass cross 4, whose ends are soldered to the 
bottom of the brass vessel. The stem is steadied by passing 
through a hole in the wooden crossbar e, which is attached to the 
box s. The stem is turned by means of the crank x. The stirrer 
m is made of a piece of inch board perforated in the center to re- 
ceive the stem, and having the opposite long edges shaved down to 
form screw blades. The brass pipe e is for drawing off the water. It 
is closed at the lower end with the cork @ The pipe ¢ serves for 
the introduction of water by means of the removable funnel 7, and 
its upper end is closed with a cork when the funnel is taken out. 
The neck y of the calorimeter is extended out at d, so that the small 
pipe ¢ may not be disturbed when the cover 4 is taken off, and this 
side extension is closed-with a cork through which the pipe 7 
passes. The brass tube 7, having an internal diameter of one- 
twelfth of an inch, or 2.1 mm., is soldered at one end to the cap 2, 
which screws on the stop-cock A connected with the tee g of the 
steam pipe v. The tube terminates in the coil 7, which is open at 
the end. A thermometer ¢ is inserted through the side tube 7’ and 
held fast by a perforated cork. 

The brass calorimeter is inclosed in the wooden box s, which is 
large enough to admit a good packing of cotton wool. 

A short brass tube is soldered to the inner end of the cock /, and 
extends to the central part of the pipe v, so as to receive the best 
of the steam. 

This calorimeter was connected with the tee @ of Fig. 41. For 
two others, of simpler construction, the cocks were screwed directly 
into the elbuws / and w, Fig. 41. 


| 
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In the first place the water equivalent of the calorimeter must 
be determined once for all. For this purpose the vessel js filled 
nearly full of hot water, A fter stirring well, the temperature is 
observed. The hot Water is run off and cold water of known tem- 


perature is quick lylet in. The stirrer is turned for a few moments, 


Ys REAL SIZE 


Fic.43, 


and the height of the thermometer is noted, 
is drawn off and Weighed, 


The warmed water 


Now let = temperature of hot calorimeter, 
[= temperature of cold water. 


_ T= temperature of the warmed water. 
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- = weight of water finally drawn off. 
Ps water equivalent of calorimeter itself. 


9 = 
_a(T—?d) 


In trying the quality of steam, a weighed quantity of cold water 


is put into the vessel a (Figs. 48, 44)—about 8 litres, or enough to 
cover the coil 7. After stirring awhile, the height of the ther- 
mometer ¢ is noted. Steam from the pipe v is now admitted into the 
water through the pipe ¢ and the coil 7 for about three minutes. 
After a minute or two the temperature is observed, and the warmed 
water is drawn off and weighed. The temperature of the steam is 
observed at the beginning and at the end of the experiment by 
means of the thermometer p, Fig. 41, inserted ina thimble in the 


steam pipe. 

Then let @ = weight of cold waters bg 

hot 
= d — a= gain in weight. © 
weight of live steam. es 

= weight of mist. 

water equivalent of calorimeter, previously found, 
= temperature of cold water. : i 

= ** steam. 

= hot water. 


= total heat in steam at @, as found in Regnault’s 


tables. 
'= total heat in water at ¢’ Rey 
ilh at. 
IT = total heat in water at 7’ 


n = latent heat of steam at 7. 


It is obvious that 


(h—«w) | Ht 


Thus, in one trial, the temperature of the steam was found to 
be; at 417 pM. = 155.8°C. 
155.4" 


average 155.6° 


[ 
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a = SOS80q. = 90009, 
2107. 
10.4 = 156.9. 
155.6° = 61.85. » 
61.7 = 496.8. 
(S080 + 210) (61.85 — 10.4) — 920 (156.9 — 61.85) 
c= 496.8 
Here, then, were 6747. live steam to 246g. mist. 
In fifty-two such trials, twelve showed a quantity of mist rang- 
ing from 7 to 57 per cent. of the whole increase. So what was 
mentioned in the former report as being a possible source of error 


in determining the loss of heat from steam pipes by the apparent 


condensation, proves to be no imaginary trouble. The steam is 
liable to be, at times, very far from dry, and the damp state may 
come on and cease undetected in the interval between two trials of 
quality, unless these trials are kept up in almost unbroken succes- 
sion. The frequent detection of a faulty condition of things has 
by no means increased my confidence in the condensation method. 
Still, when the fireman is skillful and caretul and the steam is used 
the day through for uniform work, the results attained by con- 
densation will often be approximately correct. 

It may be of some use, then, to compare the condensation in a 
covered blind pipe exposed to the air, with the heat radiated into a 
water calorimeter applied to the covering, 

The 30-inch blind pipe, at 4, Fig. 41, was covered with straw 
board so as to inclose a half-inch air space all around, and over 
this straw board was applied an inch of hair felt, with a wrapper 
of cotton drilling. When the covering was exposed to the air, the 
average condensation appeared to be 40 grams per foot per hour. 

A calorimeter being applied for 28 inches of the length, the 
average condensation was 39 grams, 

A calorimeter being applied to only 14 inches of the length, 
while the rest of the covering was exposed to the air, the condensa- 
tion was apparently 38 grams per foot per hour. 

So the transmission into water differed very little in amount 
from the radiation into the air. And there is little room for the 
objection to the water calorimeters that they place the coverings 
under different conditions as to radiation from those which prac- 
tically occur in ordinary exposure. 

The 28-inch calorimeter above mentioned received 20,042 kilo- 
cent. heat units per foot per hour, which would correspond to a 
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condensation of 40.39. of dry steam at 156° C. to water at 156°. And 
considering the uncertainty as to the amount of vaporization during 
the drawing, and as to the actual temperature of the water before 
drawing, we may say that the 39 grams actually obtained come 
quite as near the theoretical vield as could be expected, 

Experiments made with a 14-inch calorimeter on the five-foot 
blind pipe at v, Fig. 41, covered with slag wool inclosed in straw 
board, showed heat given out answering to 33.7q¢. of water con- 
densed, while the actual yield was 31.04. 

And trials with a 14-inch calorimeter on the blind pipe at aw, Fig. 
£1, covered with silicated cotton-seed hulls, indicated 54.47. steam 
condensed, there being really only 50 obtained. But the coverings 
of slag wool and cotton-seed hulls were not perfectly uniform in 
thickness throughout, and the calorimeters were put on where the 
thickness was not exactly the average. 

As the amount of condensed water increases, and there is conse- 
quently a necessity for much more frequent drawing, the loss of 
water becomes greater. Thus the 30-inch blind pipe was evenly 
covered with asbestos paper wound round to a total diameter of 4 
inches. The water drawn off now amounted to 54g. per foot per 
hour, and at the same time the calorimeter indicated a loss of heat 
equivalent to the liquefaction of 66g. of dry steam. 

The 28-inch calorimeter was made partly for trying whether 
calorimeters of different lengths would show any difference of 


results, other things being equal. As there was a chance to draw 


it on over the end of a blind pipe, it was made of a simpler form 
than those previously described. Fig, 45 gives a side view, Fig. 
46 a longitudinal section through AB of Fig. 47, which is an end 
view. Fig. 48 shows a transverse section through C//, seen from 
behind. «@ is the outer shell, ¢ the inner. For greater strength: the 
top is swelled out at 4. The water is poured in through the tube ¢/ 
with a loose funnel, 7; ¢ is a tube for drawing off the water, closed 
with a cork y. The thermometer ¢ is inserted throngh the tube /, 
a perforated cork making it tight. Through the neck 7 passes a 
stirrer which consists of a flat pine paddle, p, fastened at the 
thicker end into the bent brass tube ». In the other end of this 
tube is fastened the wooden handle m. The tube turns or oscil- 
lates on the pin 7 which is held by the ears w. The shell is made 
of No, 25 brass. It slips endwise over a covering of moderate 
diameter and needs no clamps, and as there is no joining of halves 
the heat is better confined. 
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In Table ITI. A and ¢ show the results of trials of the same cov- 
ering with the ordinary clamped 14-inch calorimeter, and with this 
new 28-inch one; the numbers in ¢ were found with the new and 
those in A with the older. The difference proves to be too incon- 
siderable to make it worth the while to use a calorimeter more than 


REAL SIZE 


Fig.46, 


14 inches long. A calorimeter of this general form presents some 
advantages over those made in halves. It has but one inlet, one 
outlet, one stirrer, one thermometer, and no clamping bolts are 
required, There is less work in its construction, and somewhat 
less material. The inner * shell can easily be made truly cylindrical, 
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while it is difficult to get half cylinders exactly right. When one 
has a blind pipe suitably arranged, the whole calorimeter is more 
readily applied and more easily supported in place. On the other 
hand, a blind steam pipe requires a frequent drawing off of the con- 
densed steam, and this gives no little trouble. A second disad- 
vantage is that when a whole cylinder is to be slipped over the 
eovering, from the end, the fit must be rather loose. But this last 
matter is really of little importance ; for experiments have been 
made to determine whether a loose fit is likely to induce error, and 
the results are given in Table Ill.. de. The covering, in these 
cases, was of ground cork and water-glass, moulded on the hot pipe 
in a wrapper of cotton drilling. The calorimeter used in @ had an 
inner diameter of 52 inches, and was so loose that it had to be held 
in place by wooden wedges. The other, used in e, had an inner 
diameter of 5 inches, and made a very close fit, after some inequali- 
ties of the cork had been shaved off. The difference between the 
59.2 and 60.1 heat units is no greater than the variations of one 
and the same calorimeter on successive days. 

We may fairly say, therefore, that very close contact of the 
calorimeter with the pipe covering is by no means essential to ac- 
euracy. A little looseness does no harm, if the non-conducting coat 
of the calorimeter itself is made so close at the ends that no warm 
air can escape ont of the unfilled space. 

But when a calorimeter that is somewhat too small is drawn close 
around an elastic pipe covering, there is a possibility of error, not 


on account of compression and consequent increase of density, but 
because the diameter of the covering itself is lessened, and a de- 
crease in the thickness of the non-conductor allows more heat to be 
transmitted. 

This effect of lessened diameter cannot be measured to a nicety 
with any of the apparatus which I have described hitherto, because 
it is almost impossible to apply any covering to a cylindrical pipe 
so as to have it of perfectly uniform and known thickness. So I was 
led to devise a plan by which coverings might be varied in thickness. 
and the thickness could be made equable and be exactly measured. 
The apparatus represented in Figs. 49, 50, 51, 52,538, dissimilar as it 
is, Was suggested by one contrived by Andrée and described in the 
Teksnisk Tidskrift, xiii., 131. The drawings are made on a scale 
of one-eighth of the actual size. 

Fig. 49 shows a longitudinal vertical section. Fig. 50 gives a 
longitudinal horizonal section. Fig. 51 represents a vertical cross 


section through JLN of Fig. 49. Fig. 52 is a side view, and Fig. 
53 a front view of the canteen-like calorimeter. 
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The six-inch steam pipe 6 was screwed into the caps s and m. 
The outer flat part of s had been turned to a true surface, At the 
other end, « was tapped to receive the pipe y, bringing steam, and 
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e 


Fig.52, Fig.53, 


the exhaust pipe z The thimble 2, capped at the lower end, was 
screwed up through the top of the large pipe, to receive the ther- 
mometer w. The calorimeter a, made of thin brass, is provided 
with the pipe p, through which water may be poured by means of 
the funnel 2. Whenever occasion requires, this funnel is connected 
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with p by an India-rubber tube. Then the funnel is removed, and 
the end of g is corked. The brass outlet pipe ¢ is lengthened by an 
India-rubber tube m, which may be opened or closed with the 
pinch-cock 7. The tube A” serves for the insertion of the thermome- 
ter Za perforated cork serving to hold the thermometer in place, 
The ,y-inch overtlow pipe / is lengthened out with an India 
rubber tube 7, which can be turned up after the calorimeter is filled 
with water. This overtlow pipe might be dispensed with, for, in 
fact, finding out just how much water would fill the brass box, I 
have generally put in a measured quantity. The neck d serves to 
receive the pine-wood paddle g, which turns on the pin 7, that rests in 
holes of the ears 7. These thick brass ears are soldered on, because 
the neck itself is too thin to support the pin. The calorimeter is 
held in place in the pine box J by the pine supports £) bits of 
thick wool felt being interposed between the props and the brass. 
The front of the pine box has the projecting ends //, through which 
pass the four bolts 7, These bolts at the other end pass through 
holes in the uprights B, so that the pine box carrying the calorime- 
ter and sliding on the strips V may be adjusted at any distance 
from the cap s, by turning the thumb nuts. The space intervening 
between the faces of @ and s can be measured exactly on the milli- 
meter scales 0, with the help of the pointers x. The guides 7? keep 
the faces of « and s parallel. 

The whole is supported at a convenient height on the shelf © 
the steam box + being held up by the soapstone supports A. The 
pine box is well packed within with cotton wool. 

A strip of cardboard v is drawn around the cap s, and fastened to 
it with water-glass cement, so as to form a hood of any desired 
depth, for the reception of the different substances whose non-con- 
ducting qualities are to be tested. When the substance is a pow- 
der, a cardboard ring Z is secured to the edges of the hood v and 
the calorimeter a, by pasting around strips of paper so as to make a 
tight box, of which the naked calorimeter face forms most of one side, 
and the tuce of sthe other. Toallow the powder to be put in, a strip 
about an inch long is eut out of the top of v, and when the whole 
space has been filled this strip is laid back again, and the whole is 
made tight by pasting over it a strip of paper somewhat wider and 
longer. The hood is surrounded with cotton batting during thie 
trial. 

When the experiment is completed, a small strip may be cut out 
of v, low down on the cylindrical side, and the powder can be 
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7 
swept out through the hole. Then the bit of cardboard may be 
fastened on again by pasting over it a larger piece of paper, and the 


hood is ready to receive some other substance. 

In making a trial, the steam is let into the box 4, and when the 
thermometer w indicates that the box is fully heated, the calorime- 
ter is filled with water several degrees colder than the air of the 
room. The time, the height of w and f, and the temperature of 
the room at the height of the apparatus are noted down. The ob- 
servations are often repeated till the water is as much warmer than 
the average temperature of the air as it was colder at first. Of 
course the paddle g must be well oscillated before every observa- 
tion. Finally, the water is drawn into a flask and weighed. 

The necessary calculations are not very complicated. Thus in 
one experiment with fossil meal : 


Water at first was at 


Gain therefore = ..... 25.7 
Average temperature of room................... 18.4 — 
Water equivalent of calorimeter =.............. 
Surface of calorimeter face =........ 0.0182 sq. m. = 0.196 sq. ft. 4 
60 1526 4+ 50 23.7 
x ra - 389.9 kilo-cent. heat units per sq. 
YOY S2 
meter per hour; or, 
60 376 25.7 
x = X 2.205 = 143.7 Pound-Fahrenheit heat 
209 * * 0,196 * 5 


units per sq. foot per hour. 


Generally, at least three trials have been made and the results 
lave been averaged, But in the case of animal and vegetable fibers 
it is hardly worth the while to repeat experiments with the same 
lot, because these organic matters are considerably scorched by a 
few hours’ exposure to a heat of 155° C., and of course they are 
no longer the same substances as before. For such things it would 


be better to have, instead of steam,a current of hot water, of con- 
stant temperature, running through the box. 

The pointers being arranged, in the first place, to indicate 0 when 
the faces of the calorimeter and the steam-box are in contact, of 
course the thickness of the stratum to be tried can be measured 
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very exactly. Moreover, an elastic, coherent substance, like wool, 
can be compressed to any desired degree by turning the four thumb- 
nuts. But when a powder is to be compressed a little, it may be 


crowded into the tight hood at the top aperture by ramming. 


Such powders as can be made to cohere by strong pressure, like 
magnesia and zine white, may be compacted by forcing them into a 
mould with a powerful press. The cake being made a little large, 
van be shaved to the required dimensions, the edges being trimmed 
so that the disc will just slip into the open hood. 

This apparatus is very convenient, and requires but a moderate 
amount of material for a trial. It would be still better to have 
both caps turned to true faces, so that two calorimeters could be 
used at a time, for it is almost as easy to attend to two trials as to 
one. In this case, of course, the steam pipes would be let into the 
cylindrical sides of the steam box. 

Tables V. and VI. give the results of a series of experiments ex- 
tending through four months. 

The first column gives the names of the substances tried. The 
second shows their thickness in millimeters. The numbers in the 
third column are obtained by calculating the weight of 4,000 cubic 
centimeters of the substance from the known bulk and _ the 
weight as determined when the trial was just finished, while the 
stuff was in its driest state. The specific gravities given inthe fourth 
column were determined by weighing under a liquid which expelled 
all the air. The animal and vegetable fibers, lampblack, magnesia, 
cork, charcoal, plaster of Paris, plumbago and chloride of sodium were 
weighed in toluol, the rest were tried with water. There may be 
some doubt about the feathers in 13 and 24, as it is exceedingly 
hard to get all the air out of them. The weight per litre divided 
by the specific gravity and by ten, shows what percentage of the 
whole bulk is occupied by solid matter, the rest being the air in 
the interstitial spaces. ‘Thus in number 2 there is only one cubic 
centimeter of cellulose to 99 ¢. cof air, and the great efficiency of 
this soft pad is almost wholly due to the stagnant air. The sixtl 
column shows how many kilograms of water would be raised 1° ©. 
by the heat which the substance in question transmits in an hour, 
through each square meter of the specified thickness, the surfaces 
being flat. In the last column these numbers have been multiplied 
by 2.205 x 1.8 x 0.0929 = 0.3687, to find how many pounds of 
water would be heated 1° F. in an hour for every square foot of the 
transmitting surface. 
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In Table V. the substances are arranged and numbered in the 


order of efficiency. In Table VI. the numberings correspond to 
those of Table V., but the arrangement is by groups of the same 
substance in different states and thicknesses. After organic fibers 
come the different varieties of carbon: then Pattinson’s calcined 
magnesia, and magnesia alba; then the different forms of silica. 
From “ Omahalite ” on, there is little chance for grouping. What 
I have called Omahalite, for convenience, in Nos. 42, 43, is a very 
light mineral, in coarse powder, which was sent from Omaha, Neb., 
for trial. It had been separated into the coarse and the fine by sifting. 
The fine contained about 70 per cent. of silica, 7 of alkalis, 15 of 
alumina, and 8 of water. It is in small scales, appearing under the 
microscope like fragments of skeleton crystals, and owes its light- 
ness to its scaly character. Whatever other economic value it may 
have, it certainly has very little for covering steam pipes. 

In Table VI, 1, 3, 4, 26, 36, 39, the same lot of wadding was 
tried first 50 mm. thick, then it was screwed up to 40, then to 30, 
and soon, In 2and17 the same lot of carded cotton was used, 
and in 23 the outer half of it was tried. But in 10, 20, and 21a 
new quantity of the very clean soft batting was used. In 13 and 
24, the feathers were put into a bag of very thin muslin, new 
feathers being taken each time. 

The sand which was to be used in 52, 53, was first well washed. 
so as to float off the finest part, and the residue, after drying, was 
sifted with a sieve of 20 meshes to the linear inch. What passed 
through was separated into coarse and fine with a sieve of 40 
meshes to the inch. It was nearly pure quartz. The Plymouth 
sand was treated with muriatice acid, and well washed to take out 
bolting cloth of 14,400 meshes to the square inch. 

The fossil meal, before being used for 34 and 37, was separated 
by elutriation from about 20 per cent. of sand. 


the oxide of iron. After drying, it was passed through a silk 


Table VII, including only such trials as were made with the uni- 
form thickness of 25 millimeters of material, is arranged according 
to the bulk of air contained in 100 measures of the substances as 
they were used. This table may serve to facilitate the comparison 
of different articles occupying nearly the same absolute space, such 
as the groups d, e, j—1r, s—G, 8. 

The table shows what astonishing air traps are many of the non- 
conductors that we have to deal with. We need not wonder that 
the calcined magnesia of the druggist acts so much like a fluid, for 
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every particle surrounds itself with a thick air cushion, and about 
98 per cent. of the space that it fills is taken up by the elastic fluid. 

It was very desirable to find the conducting power of discs of 
solid chalk, heavy spar, quartz, plumbago, rock salt, and anthracite 
coal, since these additional data are needed for a full discussion of 
the results already obtained. But time was lacking. 

With other than compact solid substances, the results are of course 
complex, as they depend partly on the closeness of contact of the 
particles of solid matter, partly on their specific conducting power 
and partly on the triction which the particles exert on the included 
air. The fewer the points of contact of the solid grains, the less 
chance will there be for the transmission of heat by conduction ; 
and the more rigidly the air is held in the interstices, the less trans- 
inission will there be by convection. Air alone, as is shown by 50 
in the tables, transfers much heat when it can move about ina 
closed space—unless, indeed, the source of heat is placed at the top. 
The usefulness of mere air spaces has been much overestimated, for 
they can rarely be placed so as to render much service. . 

The air no doubt slides much more freely over smooth particles, 
like those of plumbago, and this must account, in part, for the 
great difference between the efficiency of the same absolute bulk of 
chalk and black lead, as shown in J, 4, Table VII. And it is not 
unlikely that the great difference between wool and asbestos, as 
shown in wv and v, is largely due to the smoothness of the soapy 
mineral fiber. It is hard to conceive of anything better fitted to 
counteract the mobility of ar than the irregular twists of flattened 
cotton fiber, the crinkles and scaliness of wool, the fringed edges 
of down filaments, or the feathered angles of snow erystals. The 
wonderful structure of the minute diatoms which make up fossil 
meal also accounts for the efficiency of this light silica as a non- 
conductor, 

When more and more organic fiber is crowded into a given space, 
the thickness of the stratum remaining the same, the transmissive 
power appears to be diminished till a certain limit is reached, be- 
yond which there comes an increase. Probably then the mobility 
of the air has been brought to a minimum, and the proper con- 
ducting power of the fiber begins to act more decidedly. 

The statement of Peciet requires some qualification when lie 
says: * “T] est important de remarquer, que la conductibilité des 


matiéres textiles ¢tant sensiblement indépendante de leur densite 


* Traité de Ja Chaleur, 3me Ed., i. 407. 
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il s'ensuit necessairement que leur conductibilité est la méme que 
celle de Pair stagnant.” 

The tables show that the compression of non-fibrous matters, like 
lampblack, fossil meal, magnesia, and zine white, increases the con- 


ducting power in a marked degree. And this is a strong argument 


against using such things in the form of a paste to be plastered on. 

But it is worth the while also to notice, as a matter of much 
practical and economic importance, that the quantity of the sub- 
stance remaining the same, compression which Jessens the thick- 
ness of a covering thereby decreases its heat-retaining power in no 
small degree. This may be seen from the trials 1, 3, 4, 26, 36, and 
39, in Table VL, in which the same quantity of wadding was suc- 
cessively reduced to 40, 30, 20, 15, and 10 mm. in thickness, and 
the transmission was at last almost quadrupled. Also, in 2 and 17, 
the same carded cotton was condensed from 50 to 25 mm. thick, 
and the efficiency was lessened 44 per cent. 

The obvious moral is: Use any non-conductor light and thick, 
rather than dense and thin, 

Many new experiments on actual pipe coverings have been made, 
to supplement those of which an account is given in the former re- 
port, and the results are shown in Table IIL, in the order of effi- 
ciency. Table LV. includes the items of Table III., and those of 
all but the more complex coverings of Table I., arranged in groups 
so as to show the effect of various substances used in different ways. 
Thus, those specimens in which hair-felt forms the prominent con- 
stituent are put first, and those are brought together in which an 
air space is a characteristic feature. 

For slag wool, ashes, dry fossil meal, and mere rice hulls, cases of 
straw board were made around the pipe, as formerly described, ex- 
cept that the straw board was shaped by binding it, while damp, 


around a cylinder of the right size and letting it dry before taking 


off. Fig. 30 shows a transverse section of such a case, @ being the 
pipe, & the hollow space, and ¢ the case with its cover d. 

Air spaces were made with smaller straw board cases, held off from 
the pipe by flexible rings. These rings may be made of narrow strips 
of cardboard, which are painted over on the inner side with water- 


glass; then cheap vial corks are stuck on endwise, and the whole is- 


bent around the pipe as shown in Fig. 56, d, and held in place by | 


pasting down the overlapping end of the cardboard. Or bits of thick 
asbestos cord may be wet with water-glass and drawn around the hot 
pipe. Or, again, long strips of thick paper coated with the adhesive 


| 
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silicate may be wound round and round till they have formed the 
desired thickness. But the air spaces in 47 and 48 were formed by 
the calorimeters themselves, paper props being used at the ends, 
In 19, the space was f inch thick, in the rest about inch. The 
multiplex air spaces of « were made by winding around the pipe 
spirally some asbestos wicking, then putting on. silicated straw- 
board, then winding around a spiral of hemp cord, and so on till 
there were four spiral cords and four cases, 

The result of the multiplex arrangement was not good enough 
to pay for the trouble and cost; but, by comparing « with 48, we 
see that a much divided air space is better than a simple one. 

Comparison of 2 and 20 with 1 and 2, of 19 with 16, and of 0 with 
7, do not turn out to the advantage of air spaces. And in 34 and 
36 we see that the slight gain will not pay for the extra cost of ma- 
terial. It would be better in all cases to fill up the air space with 
fossil meal, which would be far more efticient in preventing the 
scorching of the organic matter. 

A mixture of fossil meal with one-seventh of its weight of cork 
sawdust proved somewhat more efficacious than fossil meal alone; 
but as both were used as they were procured in the market, possi- 
bly the fossil meal was not just alike in the two cases. Indeed, the 
article used in ¢, on examination proved to be not the best, for by 
washing it vielded 20 per cent. of sand, Another sample was ob- 
tained, but not used, for it contained much more sand, and, as it 
had been burned, there were mny hard baked Jumps in it. For 
the use in question, diatomaceous earth ought to be freed from 
sand and left unburned. From its peculiar structure it is more 
tractable than other light powders like ashes or magnesia, and it can 
easily be applied in the dry state, in which it seems to have thie 
maximum efficiency. As this substance is abundant in various parts 
of the world, and can be afforded at a low price, it is likely to come 
into pretty general use for coverings. It works quite as well as slag 
wool, and is not liable to the same objections. Its dust is not irri- 
tating; it is not decomposed by heat, moisture, and carbonic acid : 
it does not undergo continual shrinkage by jarring; it does not 


cause the corrosion of pipes. 

I was able at length to get some slag wool of the best quality. 
very light, tolerably elastic, and almost wholly free from shot-like 
particles of slag. This was applied to the whole length of the blind 
5-foot pipe (v, Fig. 41). It gave a very good result, as shown in /. 


Table LV. 7 


NON-CONDUCTING COVERINGS FOR STEAM PIPES. — 
_ After making the trial, a portion of the cover of the straw-board 
case was removed, and water was poured in from time to time and 
allowed to evaporate. This was done for about four weeks. The 


inner part thus became a more compacted mass, crushing easily be-— 


tween the fingers to a somewhat spicular powder. Water digested 
with this became very faintly alkaline, and showed the presence of 
a sulphate. Of course, a part of the sulphide of calcium in the 
original substance had been oxidized to sulphate. The steam-pipe 


was not particularly rusty. Ina published account of some cases 
of corrosion said to be caused by slag wool,* it is suggested that 
sulphuric acid had been set free and had acted on the iron, but the 
author does not explain how the acid could be set free from a_ 
strong base when there is an excess of the base present. Chemists 
will hardly adinit that sulphate of calcium can be dissociated by 
anything short of an intense red heat. Sulphate of calcium pro- 
motes the oxidation of iron, as every one knows who has left wet 
plaster of Paris in contact with the metal; but it is not because 
sulphuric acid is set free first. 

The slag wool of 354 was not of as good quality as that used in 
b, and it was not thick enough to do well. 

One of the best non-conductors is cork. It is strong, elastic, 
waterproof, and not very changeable. The * Société Anonyme des 
Liéges Appliquées a Industrie,” of Paris, manufactures envelopes 
for steam-pipes, boilers, etc., of long strips of cork, so beveled at 
the edges as to fit exactly and form a polygonal prism, which is 
bound together with tinned wire. Such a covering, on account of 
its firmness and elasticity, is particularly suitable for locomotives, — 
or any other apparatus exposed to jarring and shocks; but it is_ 
necessarily expensive, when the strips are made thick enough. By 
the kindness of the director of the company, I have received a cover-— 
ing long enough for atrial. It is made in 10 pieces, as shown in 
cross section in Fig. 44. Being hardly § in. thick, this covering 
does not give a very favorable result. A greater thickness of this 
excellent material may be secured at very moderate cost, by ce- 
menting finely cut waste fragments of cork with water-glass. This 
conglomerate has not the strength of solid cork, but it makes a_ 
pretty firin and elastic coat, and when protected with a cloth wrap- 
per it forms one of the best coverings vet tried. For the experi-— 
ments d, e, parings of bottle-corks were cut up with a sausage-meat 
cutter, and moistened with one and a half times their weight of 


* Transactions A. 8. M. E., Vol. IIL, p. 230. 
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water-glass at 30° Baume, and this mixture was applied to the hot 
pipe with the help of a wire cage. The water-glass does not soak 
in, but coats every bit of cork superficially, and so its cementing 
power is exerted to the best advantage. Thus by drying, the mass 
becoines strongly coherent. This covering can also be moulded in 
halves, without the cloth, and after drying it will bear handling. 
Prepared in this way, it can be applied to the pipe with great ease, 
and may be held on by putting around paper or cloth. As the in- 
ner surface becomes somewhat changed by long heating, it would 
be better to make larger half-shells of cork, and line them with 2 or 
4 in, of fossil-meal paste. A covering made in this latter way I 
have not vet had a chance to try, but I believe it is, in all respects, 
one of the very best that could be devised. 

For other coverings with a water-glass cement, I have tried rice 
chaff, cotton-seed hulls, and pine charcoal. The rice chaff requires 
its own weight of water-glass, and this ought to have the strength 
of 35° B. I used it at 30° B., and though for a while after drying 
the chaff was coherent, in the course of a few weeks the adhesion 
was very much impaired. 

The cotton-seed hylls were those of rough seed cotton, covered 
with a short furze, which makes them lie light and loose. The 
hulls were mixed with twice their weight of water-glass at 30° B. 


It took some time for this mass to become dry, but it was pretty 
firm and elastic, and remained so. It is difticult to get an even 
coating with the rough woolly mixture, and this material proved 
less effective than some other things. 


The charcoal was made of white pine wood by distilling in a py- 
roligneous acid retort holding a cord. It was ground up in a corn- 
eracking mill, and moistened with 1} times its weight of water- 
glass at 50° B. When dry the mass was coherent, and continued 
so, though a water-glass a little stronger would have been 
better. 

I am thus particular to give the proper weight of the water-glass 
liquid, because a novice would be apt to put in a great deal more 
than is needed ; and when the mixture is used too wet, the excess 
of liquid drains to the under side, and makes an unpleasant drip- 
ping. It is much better to take just enough, and stir patiently till 
a slight, uniform moistening is effected. Then the damp mixture 
may be inclosed in cloth, with the aid of the wire cage, and the 
water-glass doves not come through the cloth. The mixture may be 


done easily with a hoe in a mortar-box. 


| 
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Pine charcoal proves better than hard wood coal, and probably 
charred cork or tan-bark would be still better. 

The stair or carpet pad of p and v is made of rolls of cotton 
reving laid side by side, knit together with cotton yarn by ma- 
chinery. It is too expensive and combustible to be used for steam 
pipes, even if it made a more advantageous showing than it 
does. 

The paper used in w did much worse than was expected, This 
covering was made by cementing the edge of a sheet of the best — 

Dlotting paper along the pipe with water-glass and winding the 

paper around as tightly as possible. The other edge was pasted — 

down with water-glass. Over this another sheet was applied in the 
same way, and so on, till the thickness of three-quarters of an inch 
was reached, 
The asbestos paper of 7 was put on in the same way. Strangely 
enough the mineral and the'vegetable paper show nearly the same _ 
conducting power. Paper that is to be used for non-conductors 
should evidently be made soft and spongy, like that of 16. 
The ashes of g were taken from the 3-in. tubes of a boiler, and 
those of 7 and y were sent in for trial. 
The carbon which made the plastered mass of 34 superior to_ 
that of 44 was what is left when the black liquor from the soda _ 


leached with water to recover the soda. It is something between — 
ordinary charcoal and Jamp-black. . 

As the outcome of what has been done hitherto we may say : 

1. Trials of steam-pipe coverings by the method of condensa-— 
tion are liable to errors on account of the not infrequent priming 
of steam which may occur at any time of day. It is also difficult 
to draw off, without loss, the water that is condensed. 


one dependent on the dryness of steam, which is a matter that can-_ 
not be constantly watched. 


» 


3. The transmission of heat into the water of a calorimeter does — 
not differ materially from that into free air. 


a 
2. Some method depending on a constant temperature in the a 
pipe, which can be looked to at any and all times, is preferable to” 


4. The calorimetric method is preferable as being applicable to 
running pipes, and not requiring any special arrangement of side 
branches. 

5. [t is useless to make the testing apparatus of cumbrous dimen- 
sions, for as in chemical analysis we use a gram or less of the sam- 


>. 


>. | | 
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ple, instead of kilograms, so in physical experiments increase of 
size does not necessarily enhance the accuracy of the results. 
6. Air chambers in pipe coverings are not advantageous, but it 
is better to fill hollow places with some light powder. 
7. Compression lessens the actual efficiency of loose powders or 
— fibres, by diminishing the thickness of the covering. 
8. Of all the substances tried, the most advantageous are hair 
felt, cork, fossil meal, magnesia, charcoal, and rice chaff. 
Slag wool would also be good if it could be made of a silicious 
slag free from sulphide of calcium. 
Lamp-black is very efficient, and might do if it were not combus- 
tible and unpleasant to handle. 
At first it might seem as though magnesia is too costly to be 
taken into account, but with the great abundance of useless mag- 


~ nesium salts in the Stassfurt deposits and the present exceedingly low | 
price of soda ash, there is nothing but’ lack of demand to hinder 
avery economical production of magnesia alba, or even of calcined — 
magnesia, the jightest and nicest of all incombustible non-con-| 
ductors. 
The following tables give the results obtained in this investiga-| 
tion since the preparation of the former paper on this subject, and 
which contains tables I. and II,* 


* See Transactions A. 8. M. E., Vol. V., p. 95, et seq 


| 
>. » 


004,09 uly ‘pavog ‘vouds ity 
‘pivog avis ‘aoeds ary 

pawoq saded ‘pavog ‘aouds ly 

ee eee eee “Sur ip ‘peyo 
Zaypiap “yay Arey ‘aoeds ary 
Joys) Ip *pivog ‘vouds dty 
ss ‘[oom Fuls isog 


o 


STEAM PIP] 


FOR 


COVERINGS 


INDUCTING 
19S 
t- 


i- 


NON-C( 


ul sod ul wey god 


191 
6 
= ose 
| 
= ‘ 
t-t-i-t-Ze 
Lt 22 N+ t- 
Seoce 
+ 
. . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . - . 
. . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . 
| ~ 
| | SS OT EF Ss a 
= 


PUB [BOUL [ISsOJ JO oysed ‘Surjjou 

‘yey vou 
‘dyud 
‘“pavoq ould 
fo aoded ‘iaded sojsaqse 


ID 

acer 


sojsaqsu ‘saded soysaqsy 


t- oO 
wi 

69 


” ” 99 99 


~ 


” ” 
‘pavog aways puB [VOUT [Isso 


~ 


” 


009'T 

‘a ded ,, 

ROG I 00020080 ok ” 


6° 
- 
8° 
L G 
6° 


Dek 


=> 


I 


j 


| 


‘AI 


192 NON-CONDUCTING COVERINGS FOR STEAM PIPES. _ 
~~ 
- 
| 
| 
5.23.3 
— 
~ e = Qereet at = 


pur ‘anog SHE JO Joysurd yo 
puv Jo oysud ‘oords ary 


S 


PIPE 


AM 


“a 


STE 


~~ 


vary 
‘sdiyo ‘pavog MRS ‘vords diy 


~ 
no 


COVE 


NG 


St 


CONDUCTI 


ON- 


x 


+ 
192 
>=: 
> 
or 
off 
GP af | 
. . . . . . . . . . . . . > 
. 
. 
. 
. . . 
. . . 
: 
Bid 
7 
See 
‘ 


papMOdo ‘BISOUDVUL pouso[B,) 
10}}00 
VAT 
[00 

"09309 Pepe) 
SUIPPBar [00 AA | 

OA] 

0} WUY Fulaod 

Surppwar uoz}09 
SULppBAr [OO 

se 

[OO 
SUIppBa [00 Ay 
poze[y) 
Surppwa uojjoo peze[pH 

SuIppwa 


AM PIPES. 


STE 


Ot 


RIN 


k 


OV 


~ 


DUCTIN( 

S 


N 


CO 


8 


NON- 


VL 


> 
wr 
Cowes 
OD 199 19 19 19 19:19:18: & 16 19.19) 
. . . . . . . . . . . . . . . . 


TEAM PIPES. 


FOR 


COVERINGS 


~CONDUCTIN( 


N 


NO 


~ 


t- 


9 


snoipsque = 


ee eee “eee OF 
SNOIGI 
Bal’) 
ouy ‘ayeydyns 
Furppea 


4 
195 
© 
J 
» 
~—— ~ 
e 
7 
e 
ya 
Ar, 
2 
» 
+ 
7 
a 
+ 
@ 


Oe 


. 


tH 


AM PIPE 


i~DO 


= 
mo 


ar 


[OU 
‘pud U0}}0,) 


” ” 


~ 


99 ” 


” 


PepsB,) 


D6 
198 & 


W009 pozeyy | T 


a 
Hie 


oe 
i= 


‘yeq-punog Jog ON ssouyoryL 


196 NON-CONDUCTING COVERINGS 
‘oo 
S 
| 
4 
2s 
Pal 


~ 
= 


a 


VE 


“ESOT 
“LOS 
“COP 
OSE 
“OLE 
“CCTT 
“ORE 
“CEE 


- 


-CONDUCTING 


NON 


ai 
Doz 


Stik Me 


ime 


=z 


punois ‘vuoys 

aula 

” 

aieu0qie,) 


: 
197 
"DOs 
| > @: 
 & 
| 
f = 
Lads 


. NON-CONDUCTING COVERINGS FOR STEAM PIPES. 


TABLE VII. 


Percent. Kilo-Cent. 
Solid Matter. Heat Units. 


Air space 

French cotton 

Carded cotton 

French cotton 


oo 


Calcined magnesia 
Wool 

Cork charcoal, coarse 
French cotton 


Calcined magnesia 

Cork charcoal, fine 

Wool ... 

Lampblack . 266 
Carbonate magnesia . 371 
303 
224 
238 
Zine white 466 
246 
293 


Carbonate magnesia 
Wool 


Carbonate magnesia 
Hair felt 
Omahalite, coarse 
Lampblack 
Omahalite, fine 


Plumbago 
Calcined magnesia 
Zine white 


woe 


Barium sulphate 
Common salt 
Anthracite coal 
F-ne sand.... 
Coarse sand.... 


198 
| 
50 
| | 1302 a 
33 200 b 
17 299 d 
24 281 
301 g 
335 h 
28 
13 
n 
5 
14 
31 
34 
6 
8 | : 
51 
38 
19 
| 
49 
& | 1164 L 
| 1983 | 
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STEAM BOILERS AS MAGAZINES OF EXPLOSIVE 
ENERGY. 


_ BY ROBERT H. THURSTON, HOBOKEN, N. J. 

Section 1.—Computation of Stored Energy. 
In the following paper it is proposed to present the results of a 

series of calculations relating to the magnitude of the store of en- 


ergy contained in masses of steam and of water, when heated to 
temperatures customarily met with in the various applications of 


the expansive power of steam, in the arts, and especially in steam 
boilers. This energy may be measured by the amount of work which 
may be obtained by the gradual reduction of the temperature of 
the mass to that due atmospheric pressure, by continuous expansion. 

The subject is one which has often attracted the attention of 
both the man of science and the engineer. Its importance, both 
from the standpoint of pure science and from that of science ap- 


plied in engineering and the minor arts, is such as would justify 
the expenditure of vastly more time and attention than has ever 
yet been given it. The first attempt to calculate the amount of 
energy latent in steam boilers,and capable of greater or less utili- 
zation in expansion by explosion, Was made by Mr. ¢ George Biddle 
Airy,* the Astronomer Roval of Great Britain, in the year 1863, 
and by the late Professor Rankinet+ at about the same time. Mr. 
Airy and Professor Rankine published papers on this subject in 
the same number of the Philosophical Magazine (Nov., 1863), the 
one dated the 3d of September and the other the 5th October of 
that year. The former had already presented an abstract of his — 
work at the meeting of the British Association of that year. 

In the first of these papers, it is remarked that “ very little of 
the destructive effect of an explosion is due to the steam 
which is confined in the steam-chamber at the moment 
of the explosion. The rupture of the boiler is due to the 
expansive power common at the moment to the steam and 


= Numerical Expression of the Destructive Energy in the Explosions of Steam 
B rs.’ 
‘‘On the Expansive Energy of Heated Water.’ 
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the water, both at a temperature higher than the boiling point ; 


but as soon as the steam escapes, and thereby diminishes the com- 
pressive force upon the water, a new issue of steam takes place 
from the water, reducing its temperature; when this escapes, and 
further diminishes the compressive force, another issue of steam 
of lower elastic force from the water takes place, again reducing 
its temperature; and so on, till at length the temperature of the 
water is reduced to the atmospheric boiling point, and the pressure 
of the steam (or rather the excess of steam-pressure over atmos- 
pheric pressure) is reduced to 0. Thus it is shown that it is the 
enormous quantity of steam so produced from the water, during 
this continuous but exceedingly rapid operation, that produces the 
destructive effect of steam-boiler explosions. The action of the 
steam which may happen to be present in the steam-space at the 
instant of rupture is considered unimportant, 

Mr. Airy had, as early as 1849, endeavored to determine the 
magnitude of the effect thus capable of being produced, but had 
been unable to do so in consequence of deficiency of data. His 


determinations, as published finally, were made at his request by 
Professor W. H. Miller. The data used are the results of the ex- 
periments of Regnault and of Fairbairn and Tate, on the relations 
of pressure, volume and temperature of steam, and of an experiment 
by Mr. George Biddle, by which it was found that a locomotive 
boiler, at four atmospheres pressure, discharged one-eighth of its 
liquid contents by the process of continuous vaporization above 
outlined, when, the fire being removed, the pressure was reduced to 
that of the atmosphere. The process of calculation assumes the 
steam so formed to be applied to do work expanding down to the 
boiling point, in the operation. The work so done is compared 
with that of exploding gunpowder, and the conclusion finally 
reached is that “ the destructive energy of one cubic foot of water, 
at a temperature which produces the pressure of 60 Ibs. to the 
square inch, is equal to that of one pound of gunpowder.” 

The work of Rankine is more exact and more complete, as well 
as of greater practical utility. The method adopted is that to be 
described presenily, and involves the application of the formulas 
for the transformation of heat into work which had been ten vears 
earlier derived by Rankine and by Clausius, independently. This 
paper would seem to have been brought out by the suggestion made 
bv Airy at the meeting of the British Association. Rankine shows 
that the energy developed during this, which is an adiabatic method 
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of expansion, depends solely upon the specitic heat and the tem- 
peratures at the beginning and the end of the expansion, and las 
no dependence, in any manner, upon any other physical properties 
of the liquid. He then shows how the quantity of energy latent 
in heated water may be calculated, and gives, in illustration, the 


amount so determined for eight temperatures exceeding the boiling 
point. Approximate empirical expressions are given for the ealcu- 
lation of the energy and of the ultimate volumes assumed during 


expansion, as follows, in British and in Metric measures : + 
— 212)° | _ 42 3.55 (7'- - 100)" 
T + 1134.4 7 + 648 
- “at 36 212). "4 9.99 (7' — 100) 


These formulas give the energy in foot-pounds and kilogram- 
meters, and the volumes in cubie feet and cubic meters. They may 
be used for temperatures not found in the tables to be given, but, i 
view of the completeness of the latter, it will probably be seldom 
hecessary for the engineer to resurt to them, 


This su’sject attracted the attention of the writer at a very early { 
date. Familiarity, from early boyhood, with the destructive 

effects of steam boiler explosions, the singular mystery that has ( 


been supposed to surround their causes, the frequent calls made 
upon him, in the course of his professional practice and of his 
studies, to examine the subject and to give advice in matters relat- 
ing to the use of steam, and many other hardly less controlling 
circumstances, invested this matter with an extraordinary interest. 
Probably no subject, within the whole range of the practice of the 
engineer has demanded or has received more attention than this ; 
and probably no such subject is to-day less satisfactorily developed 
in theory and less thoroughly investigated experimentally than this. 
It is one which the writer has endeavored, at several different 
periods in the course of his work, to take up and reduce if possi- 
ble to a consistent theoretical and practically applicable form. 
On each occasion, however, his labors were interrupted before they 
were fairly begun. 

In the year 1872 the writer received from the Secretary of the 
Treasury of the United States a communication in which he was 
equested to prepare, for the use of the Treasury Department, a 
eport on the causes and the conditions leading to the explosions of 
team boilers, and he began the preparation of such a report, in 
‘hich he proposed to incorporate the facts to be here presented. 
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In the vear 1875, the writer, then a member of a commission 
formed by the government to investigate the subject, was asked by 
the Cabinet officer having direction of the matter to accept the 
chairmanship of the commission and to give his time to the sub- 
ject under investigation. For sufficient reasons he was unwilling 
to undertake the work, and an older and wiser head was appointed, 
at his request. <A little later, ill health compelled him to resign from 
the commission ; but his brief connection with the board led them 
to the further study of the subject of this paper; the investigation 


was, however, again interrupted, and has not since been taken up 


in the systematic manner then proposed. 

In this paper, it is proposed to limit the subject to the investiga- 
tion of the quantity of energy stored in some of the familiar and 
commonly used forms of steam boilers which are now everywhere 
seen endangering, to a greater or less extent, the lives and property 
of all who may be either permanently or temporarily within range 
of them. 

A steam boiler is 2 vessel in which is confined a mass of water, 
and of steam, at a high temperature, and at a pressure greatly in 
excess of that of the surrounding atmosphere. The sudden expan- 
sion of this mass from its initial pressure down to that of the exter- 
nal air, occurring against the resistance of its “shell” or other 
masses of matter, may develop a very great amount of work by 
the transfermation of its heat into mechanical energy, and may 
cause, as daily occurring accidents remind us, an enormous destruc- 
tion of life and property. The inclosed fluid consists, in most 
cases, of a small weight of steam and a great weight of water. In 
a boiler of a once common and still not uncommon marine type, 
the writer found the weight of steam to be less than 250 pounds, 
while the weight of water was nearly 40,000 pounds. As will be 
seen later, under such conditions the quantity of energy stored in 
the water is vastly in excess of that contained in the steam, not- 
withstanding the fact that the amount of energy per unit of weiglit 
of fluidis enormously the greater in the steam. A pound of steam, 
at a pressure of six atmospheres (88.2 pounds per square inch), 
above zero of pressure, and at its normal temperature, 177 C. (319° 
F.), has stored in it about 75 British Thermal Units, or nearly 
600,000 foot-pounds of mechanical energy per unit of weight, in 
excess of that which it contains after expansion to atmospheric 
pressure. A pound of water accompanying that steam, and at the 
same pressure, has stored within it but about one-tenth as much 
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available energy. Nevertheless, the disproportion of weight of 
two fluids is so much greater as to make the quantity of energy 
stored in the steam contained in the boiler quite insignificant in 
comparison with that contained in the water. These facts will be 
fully illustrated by the figures to be hereafter presented. 

The quantity of work and of energy which may be liberated by 
the explosion, or utilized by the expansion, of a mass of mingled 
steam and water has been shown by Rankine and by Clausius, who 
determined this quantity almost simultaneously, to be easily ex- 
pressed in terms of the two temperatures between which the expan- 
sion takes place. 

When a mass of steam, originally dry, but saturated, so expands 
from an initial absolute temperature, 7}, to a final absolute tempera- 
ture, 7}, if J is the mechanical equivalent of the unit of heat, and 
His the measure, in the same units, of the latent heat per unit of 
weight of steam, the total quantity of energy exerted against the 
piston of anon-condensing engine, by unity of weight of the expand- 
ing mass is, AS 4 Maximum, 

/ = 
7, 


This equation was published by Rankine a generation ago.* 


- J (A 


liyp. low. 7) + 


When a mingled mass of steam and water similarly expands, if 
M represents the weight of the total mass and m is the weight of 
steam alone, the work done by such expansion will be measured by 
T= f —1 — hyp. log. 22) + m #1... (B) 

This equation was published by Clausius in substantially this 
form.+ 

It is evident that the latent heat of the quantity m, which is rep- 
resented by m//, becomes zero when the mass consists solely of 
water, and that the first term of the second member of the equa- 
tion measures the amount of energy of heated water which may be 
set free, or converted into mechanical energy by explosion. The 
ivailable energy of heated water, when explosion occurs, is thus 
easily measurable. 

As has already been stated, this method was first applied by 
Rankine to the determination of the available energy of heated 

* Steam Engine and Prime Movers, p. 387. 
+ Mechanical Theory of Heat, Translation, p. 283, 
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water for several selected temperatures and pressures. It has long 
been the intention of the writer to ascertain the magnitude of the 
quantities of energy residing, in available form, in both steam and 
water, for the whole usual range of temperatures and pressures 
familiar to the engineer, and also to carry out the calculations for 
temperatures and pressures not yet attained, except experimentally, 
but which are likely to be reached in the course of time, as the con- 
stantly progressing increase now observable goes on. The maximum 
attainable, in the effort to increase the efficiency of the steam en- 
gine and in the application of steam to new purposes, cannot be to- 
day predicted, or even, so faras the writer can see, imagined. High 
pressures like those adopted by Perkins and by Alban may yet be 
found useful. It was therefore proposed to carry out the tables to 
be constructed far beyond the limit of present necessities. 

It was further proposed to ascertain the weights of steam and of 
water contained in each of the more common forms of steam boilers, 
and to determine the total and relative amounts of energy confined 
in each under the usual conditions of working in every-day prac- 
tice, and thus to ascertain their relative destructive power in case 
of explosion. This part of the work is reserved for description in 
a succeeding section of this paper. The present section is devoted 
to the first part of the subject. 

At the commencement of this work, the writer employed the 
late Mr. W. G. Cartwright, M. E., as computer, and, with his aid, 
prepared tables extending from 50 pounds per square inch to 100, 


at intervals of ten pounds, up to 250 with intervals of 25 pounds, 
then 300, and up to 1000 pounds per square inch by 100 pounds, 
and with larger intervals up to 10,000 and 20,000 pounds. The avail- 
able energy of the heated water was computed, the energy obtain- 
able from the so-called “latent heat,” and their sum, 7.2, the 


available energy of steam per unit of weight. In the course of 
this work, each figure was calculated independently by two com- 
puters, and thus checked. As a further check, the figures so 
obtained were plotted, and the curve representing the law of their 
variation was drawn, This was a smooth curve of moderate cury- 
ature and an incorrect determination was plainly revealed, and 
easily detected, by falling outside the curve. Three curves were 
thus constructed which will be given later: (1) the Curve of Avail- 
able Energy of Heated Water; (2) the Curve of Available Energy of 
Latent Heat ; (8) the Curve of Available Energy of Steam. The 
second of these curves presents an interesting peculiarity which 
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will be pointed out when studying the forms of the several curves 
and the tables of results. 

The work was interrupted by more pressing duties, and was finally 
resumed in the spring of 1884 and completed in the form now 
presented. The computers of the more complete tables here given 
were Messrs. Ernest H. Foster, M.E., and Kenneth Torrance, M.E., 
who, pursuing the same method as was originally adopted for the 
earlier computations, have revised the whole work, recalculating 
every figure, extending the tables by interpolation, and carrying 
them up to astill higher pressure than was originally proposed. 
The tables here presented range from 20 pounds per square inch, 
(1.4 kgs. per sq. em.) up to 100,000 pounds per square inch (7,030.83 
kgs, per sq. cm.) the maximum probably falling far beyond the 
range of possible application, its temperature exceeding that at 
which the metals retain their tenacity, and, in some cases, exceed- 
ing their melting points. These high figures are not to be taken 
as exact. The relation of temperature to pressure is obtained by 
the use of Rankine’s equation, of which it can only be said that it 
is wonderfully exact throughout the range of pressures within which 
experiment has extended, and within which it can be verified. 
The values estimated and tabulated are probably quite exact enough 
for the present purposes of even the military engineer and ord- 
nance officer. The form of the equation, and of the curve represent- 
ing the law of variation of pressure with temperature, indicates 
that, if exact at the familiar pressures and temperatures, it is not 


likely to be inexact at higher pressures. The curve, at its upper 


extremity, becomes nearly rectilinear. 

The table which follows presents the values of the pressures in 
pounds per square inch above a vacuum, the corresponding reading 
of the steam gauge (allowing a barometric pressure of 14.7 pounds 
per square inch), the same pressures reckoned in atmospheres, the 
corresponding temperatures as given by the Centigrade and the 
Fahrenheit thermometers, and as reckoned both from the usual 
and the absolute zeros. The amount of the’ explosive energy of a 

nit weight of water, of the latent heat in a unit weight of steam, 

nd the total available heat energy of the steam, are given for each 
f the stated temperatur@s and pressures throughout the whole 
iige in British measures, atmospheric pressures being assumed to 
imit expansion, The values of the latent heats are taken from 
tegnault, for moderate pressures, and are calculated for the higher 
ressures, beyond the range of experiment, by the use of Rankine’s 


nodification of Regnault’s formula. 
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Fig. 58 
Studying the table, the most remarkable fact noted at the lower 
pressures is the enormous difference in the amounts of energy, in 
available form, contained in the water and in the steam, and be-— 
tween the energy of sensible heat and that of latent heat, the 


sum of which constitutes the total energy of the steam. At 20 
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pounds per square inch above zero (1.36 atmos.), the water contains 
but 145.9 foot-pounds per pound; while the latent heat is equiva- 
lent to 16,872.9 foot-pounds, or more than 115 times as much; | 
i. é., the steam yields 116 times as much energy in the form of 
latent heat per pound, as dves the water from which it is formed, at 
the same temperature. The temperature is low; but the amount 
of energy expended in the production of the inolecular change re- 
sulting in the conversion of the water into steam is very great, in 
consequence of the enormous expansion then taking place. At 50 
pounds, the ratio is 20 to 1; at 100 pounds per square inch, it is 14 
to 1, at 500 it is 5 to 1; while at 5,000 pounds the energy of latent 
heat is but 1.4 that of the sensible heat. The two quantities become 
equal at about 7,500 pounds. At the highest temperature and 
pressure tabled, the same law would make the latent heat negative ; 
it is of course uncertain what is the fact at that point. 

At 50 pounds per square inch the energy of heated water is 
2550.4 foot-pounds, while that of the steam is 68,184, or enough to 
raise its own weight toa height in each case of a half mile or of 
12 miles. At 75 poundsthe figures are 4,816 and 90,739, or eqniva- 
lent to the work demanded to raise the unit weight to a height of 
four-fifths, and of about 17 miles, respectively. At 100 pounds 
the heights are over one mile for the water, and above 20 miles 
for the steam. Tue latent heat is not, however, all effective. 

Plotting the tabulated figures and determining the form of the 
curve representing the law of variation of each set, we obtain the 
peculiar set of diagrams exhibited in the accompanying engraving. 
In Figure 58 are seen the curves of absolute temperature and of © 
latent heat as varying with variation of pressure. They are smooth 
and beautifully formed lines, having no relation to any of the 
familiar curves of the text-books on co-ordinate geometry. In Figure 
59 are given the curves of available energy of the water of latent 
heat, and of steam. The first and third have evident kinship with 
the two curves given in the preceding illustration; but the curve 
of energy of latent heat is of an entirely different kind, and is 
not only peculiar in its variation in radius of curvature, but also— 
in the fact of presenting a maximum ordinate at an early point in | 
its course. This maximum is found at a pressure of about one — 
ton per square inch, a pressure easily attainable by the engineer. 

Examining the equations of those curves it is seen that they have 
no relation to the conic sections, and that the curve, the peculiari- 
ties of which are here noted, is symmetrical about one of its ab- 
scissas, and that it must have, if the expression hoids for such press- 
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ures, another point of contrary flexure at some enormously hiz! 
pressure and temperature. The formula is not, however, a“ ra- 
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be. The presence of this characteristic point, should experiment 
finally confirm the deduction here made, will be likely to prove 
interesting, and it may be important; its discovery may possibly 
prove to be useful. 


The curve of energy of steam is simply the curve obtained by 


the superposition of one of the two preceding curves upon the 
other. It rises rapidly at first, with increase of temperature, then 
gradually rises more slowly, turning gracefully to the right, and 
finally becoming nearly rectilinear, The curve of available 
energy of heated water exhibits similar characteristics; but its 


curvature is more gradual and more uniform. 
Comparing the energy of water and of steam in the steam boiler 
with that of gunpowder, as used in ordnance, it will be found 
that at high pressures the former become possible rivals of the lat- | 
ter. is 
failure of combustion, or retarded combustion in the gun.  Tak- 
4 


position and perfection of manufacture, and is very variable in 
actual use, in consequence of the losses in ordnance due to leakage, 


The energy of gunpowder is somewhat variable with com- 
ing its value at what the writer would consider a fair figure, 250,000 


foot-pounds per pound, it is seen that, as found by Airy, a cubic 
foot of heated water, under a pressure of 60 or 70 pounds per 


— square inch, has about the same energy as one pound of gunpowder. 
The gunpowder exploded has energy sufficient to raise its own 
weight to a height of nearly 50 miles; while the water has enough 
to raise its weight about one-sixtieth that height. At alow red 
heat water has about 40 times this latter amount of energy in a 


form to be so expended, Que pound of steam, at 60 pounds press- 
ure, yields about one-third the energy of a pound of gunpowder. 
At 100 pounds it has as much energy as two-tifths of a pound of - 
powder, and at higher pressures its energy increases very slowly. 


Section Il.—Explosive Energy of Boilers. 
In illustration of the results of application of the computations | 
which have been given in the preceding section of this paper, and 
for the purpose of obtaining some idea of the amount of destruc-— 
tive energy stored in steam-boilers of familiar forms, such as the — 
engineer is constantly called upon to deal with, and such as the— 
public are continually endangered by, Table IT. has been calculated. | 
This table is made up, with the assistance of Professor C. A. Carr, 
from notes of dimensions of boilers designed, or managed, at 


various times, by the writer, or in other ways having special interest 
to him. They include nearly all of the forms in common use, and 
are representative of familiar and ordinary practice. 
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No. 1 is the common, simple, plain cylindrical boiler. It is often 
adopted when the cheapness of fuel or the impurity of the water- 
supply renders it unadvisable to use the more complex, though more 
efficient, kinds. It is the cheapest and simplest in form of all the 
boilers. The boiler here taken was designed by the writer many 
years ago for a mill so situated as to make this the best form for 
adoption, and for the reasons above given. It is thirty inches in 
diameter, thirty feet long, and is rated at ten H. P., although such 
a boiler is often forced up to double that capacity. The boiler 
weighs a little over a ton, and contains more than twice its weight 
of water. The water, at a temperature corresponding to that of 
steam at 100 pounds pressure per square inch, contains over 
46,600,000 foot-pounds of available explosive energy, while the 
steam, which has but one-fifth of one per cent. of the weight of 
the water, stores about 700,000 foot-pounds, giving a total of 
47,000,000 foot-pounds, nearly, or sufficient to raise one pound 
nearly 10,000 miles. This is sufficient to throw the boiler 19,000 
feet high, or nearly four miles, and with au initial velocity of pro- 
jection of 1,100 feet per second. 

Comparing this with the succeeding cases, it is seen that this is 
the most destructive form of boiler on the whole list. Its sim- 


plicity and its strength of form make it an exceedingly safe boiler, 


so long as it is kept in good order and properly managed; but, if — 
through phenomenal ignorance or recklessness on the part of pro- 
prietor or attendant, the boiler is exploded, the consequences are 
usually exceptionally disastrous. 

The explosion of a boiler of this form and of the proportions | 
here given, in the year 1843, in the establishment of Messrs. R. L. 
Thurston & Co., at Providence, R. L, through mismanagement, is 
well remembered by the writer. The boiler-house was entirely de- 
stroyed, the main building seriously damaged, and a large expense 
was incurred in the purchase of new tools to replace those de- 
stroyed. No lives were lost, as the explosion fortunately occurred 
after the workmen had left the building. A similar explosion of a_ 
boiler of this size occurred some years later, within sight of the- 
writer, which drove one end of the exploding boiler through a 
16-inch wall, and several hundred feet through the air, cutting off 
in elm tree high above the ground, where it measured 9 inches 
in diameter, partly destroying a house in its further flight, and fell 
in the street beyond, where it was found ved hot immediately after 
striking the earth. Long after the writer reached the spot, al- 
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though a heavy rain was falling, it was too hot to be touched, and 
was finally, nearly two hours later, cooled off by a stream of water 
from a hose, in order that it might be moved and inspected. It had 
been overheated, in consequence of low water, and cold feed had then 
been turned into it. The boiler was in very good order, but four 
years old, and was considered safe for 110 pounds. The engineer 
was seriously injured, and a pedestrian passing at the instant of the 
explosion was buried in the ruins of the falling walls and killed. 
The energy of this explosion was very much less than that stored 
in the boiler when in regular work. 

No. 2 was a “ Cornish” boiler designed by the writer, about 1860, 
and set to be fired under the shell. It was 6 feet by 36, and con- 
tained a 36-inch flue. The shell and tlue were both of iron 38-inch 
in thickness. The boiler was tested up to 60 pounds, at which 
pressure the flue showed some indications of alteration of form. 
It was strengthened by stay-rings, and the boiler was worked at 20 
pounds. The boiler contained about 12 tons of water, weighed it- 
self 74 tons, and the volume of steam in its steam space weighed 
but 81} pounds. The stored available energies were about 57,600,- 
000 foot-pounds, and about 700,000 of foot-pounds in the water 
and steam, respectively, a total of nearly 60,000,000, This was 
sufficient to throw the boiler to the height of 3,400 feet, or over 
three-fifths of a mile. 

Comparing this with the preceding, it is seen that the introduc- 
tion of the single flue, of half the diameter of the boiler, and the 


reduced pressure, have reduced the relative destructive power to 
but little more than one-sixth that of the preceding form. 


No. 2 is a “ two-flue” or Laneashire boiler, similar in form and 
in proportions to many in use on the steamboats plying on our 
Western rivers, and which have acquired a very unenviable repu- 
tation by their occasional display of energy when carelessly han- 
dled. ‘That here tiken in illustration was designed by the writer, 
42 inches in diameter, with two 14-inch flues of 3 iron, and is here 
taken as working at a pressure, as permitted by law, of 150 pounds 
per square inch. It is rated at 35 horse-power, but such a boiler is 
often driven far above this figure. The boiler contains about 
its own weight, 3 tons, of water, and but 37 pounds of steam. The 
stored available energy is 83,000,000 foot-pounds, of which thie 
steam contains but a little above five per cent. Its explosion would 
uncage sufficient energy to throw the boiler nearly 24 miles high, 
with an initial velocity of 900 feet per second. Both this boiler 
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and the plain cylinder are thus seen to lave a projectile effect only 
to be compared to that of ordnance. 
A boiler of this class, which the writer was called upon to in- 
spect after explosion, had formed one of a “battery ” of ten 
bs twelve, and was set next the outside boiler of the lot. Its 
explosion threw the latter entirely out of the boiler-house into an 
adjoining yard, displaced the boiler on the opposite side, and de- 
‘molished the boiler-house completely. The exploding boiler was” 
‘torn into many pieces. The shell was torn into a helical ribbon, 
which was unwound from end to end. The furnace end of the 
boiler flew across the space in front of its house, tore down the side 
of a “kier-house,” and demolished the kiers, nearly killing the kier- 
house attendant, who was standing between two kiers. The Oppo- 
site end of the boiler was thrown through the air, describing a tra- 
_— jectory having an altitude of fifty feet, and a range of several hun- 
dred, doing much damage to property en rovte, finally landing in 
a neighboring field, The furnace front was found by the writer on 
the top of a hill, a quarter of a mile, nearly, from the boiler-house.— 
The fireman, who was on the top of the boiler at the instant of the 
explosion, endeavoring to open a steam connection to relieve the — 
boiler, then containing an excess of steam and a deficiency of | 

water, was thrown over the roof of the mill, and his body was _ 
picked up in the field on the other side, and carried away in a pack-— 
ing-box measuring about two feet on each side. Cause :—low water | 
and consequent overheating, and the introduction of feed before | 


hauling tires and cooling down. The energy expended was much — 
less than that calculated as above. 


No. 4 is the common plain tubular boiler, substantially as de- 
signed by the writer at about the same time with those already de- 
scribed, and of the same dimensions as that adopted as a standard 
by the Hartford Steam Boiler Insurance Co.* It is a favorite form | 
of boiler, and deservedly so, in the opinion of the writer, with all 
makers and users of shell boilers. That here taken is 60 inches in 
diameter, containing 66 38-inch tubes, and is 15 feet long. Tie 
general testimony of the best designer ‘s of this type, so far as the 
writer has been able to obtain definite opinions, as well as the ob- 
servation and the experience of the writer himself, indicate that 
tuese proportions are usually thoroughly satisfactory. A length of 
tube of from 50 to 60 diameters, and liberal spacing, seem to be 
especially advantageous. The specimen here chosen has 850 feet 


* The Locomotive, Sept., sae. 
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of heating and 30 feet of grate surface, is rated at 60 horse-power, 
but is oftener driven up to 75, weighs 9,500 pounds, and contains 
nearly its own weight of water, but only 21 pounds of steam, when 
under a pressure of 75 pounds per square inch, which is below its 
safe allowance. It stores 51,000,(00 foot-pounds of energy, of 
which but 4 per cent. is in the steam, and this is enough to drive 
the boiler just about one mile into the air, with an initial velocity 
of nearly 600 feet per second. The common upright tubular boiler 
may be classed with No. 4. 

Nos. 5-8 are two of the Baldwin and two of the Cooke loco- 
motive boilers, of which drawings and weights are furnished by 
the builders. They are of different sizes and both freight and 
passenger engines, The powers are probably rated low. They range 
from 15 to 50 square feet in area of grate, and from 875 to 13850 
square feet of heating surface. In weight, the range is much less, 
running from 2} to a little above 3 tons of water, and from 20 
to 30 pounds of steam, assuming all to carry 125 pounds pressure. 
The boilers are seen to weigh from 24 to 3 times as much as the 
water. These proportions differ considerably from those of the 
stationary boilers which have been already considered. The stored 
energy averages about 70,000,000 foot-pounds and the heights and 
velocities of projection not far from 3000 and 500 feet ; although, 
in one case, they became nearly one mile, and 550 feet respectively. 
The total energy is only exceeded, among the stationary boilers, by 
the two-flued boiler at 150 pounds pressure. 

The violence of the explosion of the locomotive is naturally most 
terrible, exceeding, as it does, that of ordnance fired with a charge 
of 150 pounds of powder of best quality, or perhaps 250 pounds of 
ordinary quality fired in the usual way.* On the occasion of such 
an explosion which the writer was called upon to investigate, in 
the course of his professional practice, the engine was hauling « 
train of coal cars weighing about 1000 tons. The steam had heen 
shut off from the cylinders a few minutes before, as the train passed 
over the crest of an incline and started down the hill, and the 
throttle again opened a few moments before the explosion. The ex- 
plosion killed the engineer, the fireman, and a brakeman, tore the 
fire-box to pieces, threw the engine from the track, turning it com- 
pletely around, broke up the running parts of the machinery, and 
made very complete destruction of the whole engine. There was 


* The theoretical effect of good gunpowder is about 500 foot-tons per pound, 
according to Noble and Abel. 
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no indication, that the writer could detect, of low water; and he 
attributed the accident to weakening of the fire-box sheets at the 
lower parts of the water-legs by corrosion. The use of water- 
grates, the insertion of which produced some loss of strength at the 
fire-box, may have had something to do with it, however. The 
bodies of the engineer and fireman were found several hundred feet 
from the wreck, the former among the branches of a tree by the 
side of the track. This violence of projection of smaller masses 
would seem to indicate the concentration of the energy of the heat 
stored in the boiler, when converted into mechanical energy, 
upon the front of the boiler, and its application largely to the im- 
pulsion of adjacent bodies. The range of projection was, in one 
ease, fully equal to the calculated range. The energy expended is 
here the full amount calculated. 

Nos. 9 and 10 are marine boilers of the Scotch or “drum” 
form. These boilers have come into use by the usual process of 
selection, with the gradual increase of steam pressures occurring 
during the past generation as an accompaniment of the introduction 
of the compound engine and high ratios of expansion. The 
selected examples are designed for use in the new vessels of the 
U.S. Navy. The dimensions are obtained from the Navy Depart- 
ment, as figured by the Chief Dranghtsman, Mr. Geo. B. Whiting. 
The first is that designed for the “ Nipsic,” the second for the 
“Despatch.” They are of 300 and 350 horse power, and contain, 
respectively, 73,000,000 and 110,000,000 of foot-pounds of available 
energy, or about 3,000 foot-pounds per pound of boiler, and sufficient 
to givea height and velocity of projection of 3,000 and above 400 feet. 
These boilers are worked at a lower pressure than locomotive | 
boilers ; but the pressure is gradually and constantly increasing 
from decade to decade, and the amount of explosive energy carried 
in our modern steam vessels is thus seen to be already equal to that 
of our locomotives, and in some cases already considerably exceeds — 
that which they would carry were they supplied with boilers of 
the locomotive tvpe and worked at locomotive pressures. The 
explosion of the locomotive boiler endangers comparatively few 
lives and seldom does serious injury to property, outside the engine 
itself. The explosion of one of these marine boilers while at sea 
would be likely to be destructive of many lives, if not of the vessei 
itself and all on board. 


Nos. 11 and 12 are boilers of the older types, such as are still to 
be seen in steamboats plying upon the Hudson and other of ou 


bine! 


rivers, and in New York harbor and bay. No. 11 is a return 
tubular boiler having a shell ten feet in diameter by 23 feet long, 
2 furnaces each 74 feet deep, 8 15-inch and 2 9-inch flues, and 85 
return tubes, 44 inches by 15 feet. The boiler weighs 25 tons, con- 
tains nearly 20 tons of water and 70 pounds of steam, and at 80 
pounds pressure stores 92,000,000 foot-pounds of available energy, 
of which 23 per cent. resides in the steam. This is enough to hoist 
the boiler one-third of a mile with a velocity of projection of 330 teet 
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per second. The second of these two boilers is of the same weight, 
also of about 200 horse power, but carries a little more water and 
steam and stores 104,000,000 foot-pounds of energy, or enough to 
raise it 1,900 feet. This was a return-flue boiler, 33 feet long and 
having a shell 8} 1eet in diameter, flues 8§ to 15 inches in diameter, 
according to location. These boilers were designed, years ago, by 
Messrs. Fletcher & Harrison (now the W. & A. Fletcher Co.) of 
New York City. It was a boiler of the return-flue variety, to 
which that just described belongs, that exploded in the “ Westfield” 
ferry boat, July 30th, 1871, causing the death of about 100 persons 
and wounding as many more. The writer was employed to in- 
vestigate the case for the officials upon whom the duty was legally 
and technically incumbent. It was found that the cause of the 
explosion was tle extensive corrosion of one of the girth seams of 
the shell. The accident oceurred when the pressure was about that 
ordinarily carried and considerably less than that at which the 
boiler lad been tested but a short time before. The energy 
liberated was therefore about the same as would be calculated as 
above from the known dimensions and capacity of the boiler, The 
destruction of the boiler itself, its displacement, and the destruction 
of that part of the boat adjacent to it, were minor effects of the 
accident.* 


A boiler of the return tubular class was tested to the bursting 
point, under steam, by Mr. F. B, Stevens, at Sandy Hook, Novem- 
ber, 1871. The water was up to the water-line and the energy 
liberated was thus the full amount calculated. As then reported 
by the writer, + “ when a pressure of 50 pounds was reached, a 
report was heard which was probably caused by the breaking of 
one or more braces, and at 534 pounds, the boiler was seen to ex- 
plode with terrible foree. The whole enclosure was obscured by 
the vast masses of steam liberated; the air was dotted with thie 


* Journal of the Franklin Institute, September, 1871. R. H. T. ; 
+ Journal of the Franklin Institute, Jan., 1872. S 
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flying fragments, the largest of which, the steam drum, rising to 
a height variously estimated at from 200 to 400 feet, fell at a 
distance of 450 teet from its original position. The sound of the 
explosion resembled that of a heavy cannon. The boiler was 
torn into many pieces, and comparatively few fell back upon their 
original position.’ This boiler had been tested by hydrostatic 
pressure, before its explosion, up to a pressure exceeding by 54 
pounds that at which the explosion occurred. 

The writer subsequently estimated the amount of total energy 
stored in this boiler and analyzed the effects of the explosion, com- 
ing to the conclusions : * 

— “(1.) That it is very certain that the energy of this explosion, 
and all of its tremendous effects, were principally due to the sim- 
ple expansion of a mass of steam suddenly liberated, at a moderate 
pressure, by the general disruption of a boiler of very uniform 

but feeble strength. 

— “(2.) That in this case, the liberation of the steam throughout 

the mass of water contained in the boiler, and which took place by 
the evaporation of one pound in every thirteen of the water, and 
which resulted in setting free nearly 70,000 cubic feet of steam, 
would not seem to have taken place so promptly as greatly to in-- 
tensify the effects of the explosion. 

“(3.) It would seem very doubtful whether Zerah Colburn’s hy- 
pothesis, which explains the violent yuptures of steam boilers by 
the supposition that the steam liberated from the mass of water, in — 
casee of explosion, carries with it and violently projects against — 
those parts of the shell immediately adjacent to the point of pri-— 
mary rupture, large quantities of water, which, by their impact, 
extend the break and intrease the destructive effect, can have had_ 
an illustration in the case under consideration.” 

“We have no right to conclude that such an action as Colburn | 
described may not occur in many cases of explosion ; on the con- 
trary, the simple experiment described in all text-books on natural — 
philosophy, in which water in a closed vessel, and near the boiling 
point, is caused to enter into violent ebullition by the reduction of 
pressure following the application of cold to the upper part of the 
vessel, exhibits very plainly the probability of an action taking 
_ such as Colburn describes.” . . . . “ There can hardly 
be a doubt that cases do occur in which the same action greatly in- 
creases the destructive effect of boiler explosions.” 


* Journal of the Franklin Institute, Feb., 1872. 
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But the more recent experiments of Mr. Lawson at Pittsburgh seem 
to the writer to indicate very strongly, if not absolutely to prove, 
that the Colburn theory has a foundation in fact, and that “ not 
only may explosions be intensified in violence, but that they may 
be precipitated, by the action of the stored energy of the water 
contained in the boiler.” It is probably the conviction of the ma- 
jority of engineers familiar with steam boilers that the danger is 
pretty nearly proportional to the weight of water present. The 
boiler exploded at Sandy Hook, as above, weighed 40,000 pounds, 
contained 30,000 pounds of water and 150 pounds of steam, stored 
over 2,500,000 of thermal units, measured from the boiling point 
up to 300° Fahr., equivalent to above 2,000,000,000 foot-pounds ot 
mechanical energy, or enough to raise the whole mass more than 
tive miles. Of this only a fraction was available, however, as 
shown in Table II. 

The last three boilers on the list in Table IT. are of a type which has 
come into common use only during the last ten or fifteen years. They 
are water-tube boilers, and all of what is popularly known as the 
“ sectional,” or “safety” class. Where a boiler is exploded, the 
disruption may be either general, as in some of the cases cited 
above, or it may be local, affecting only a limited portion of the 
structure. It is evident that the localization of the injury is desir- 
able as a means of limiting the rate of discharge of the stored 
available energy, and thus reducing the damage resulting from the 
accident. It was pointed out as long ago as 1805, by the greatest 
engineer of this country, at that time—Col. John Stevens, of Mobo- 
ken—that the construction of boilers consisting of water-tubes, 
principally, afforded a means of securing comparative safety from 
explosions, and a patent was issued to him by the British Patent 
Office, at that date, for a boiler resembling in its general construc- 
tion the modern “safety” boiler. In the specification, communi- 
cated to the office by his son, John C. Stevens, the original of 
which is in the hands of the writer, Col. Stevens explains this prin- 
ciple of subdivision of the mass of water and of steam in boilers, asa 
means of insuring against destructive explosion as clearly as it has 
ever been explained by his recent followers. All of the later forms of 
boiler belonging to this class have followed the same general plan. 
The writer has selected the forms here described mainly because of 
their being most familiar to him. He has been engaged while pre- 
paring this paper in directing the introduction of 250 horse-power of 
one type under a very large and valuable building in New York City, 
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where he felt unwilling to take the risk of employinga shell boiler; he 
has had a boiler of another of these forms under his feet, when in his 
lecture-room, for more than a dozen years, where the location of a 
shell boiler would have been a continual source of apprehension ; and 
he has experimented with still another of the selected forms suffi- 
ciently to feel thoroughly at home with it, and to feel the same 
confidence in its safety that he has in the others. Every prudent en- 
gineer is careful to keep a shell boiler well inspected and well in- 
sured, and knows that, so cared for, the risk in their use is reduced 
to a very insignificant quantity; yet the writer, and probably 
every other engineer, finds it very satisfactory to be able to feel 
that any boiler that he may be compelled to place under a building, 
or where many lives may be endangered by its explosion, is so con- 
structed that, even were explosion to occur, it would be productive 
of minimum and probably small damage. The writer has not 
hesitated, however, where great differences of cost have entered 
into theecase, and where the boilers could be set in a separate 
boiler-house, to advise the use of the shell boiler. By proper con- 
struction and with careful management and systematic inspection, 
the danger and risk are reduced to a very small amount. 

The “sectional” boilers are here seen to have, for 250 horse-power 
each, weights ranging from about 35,000 to 55,000 pounds, to contain 
from 15,000 to 30,000 pounds of water and from 25 to 58 pounds 
of steam, to store from 110,000,000 to 230,000,000 foot-pounds of — 
energy, equal to from 2,000 to 5,000 foot-pounds per pound of 
boiler. The stored available energy is thus usually less than that 
of any of the other stationary boilers, and not very far from the 
amount stored, pound for pound, by the plain tubular boiler, the best 
of the older forms, It is evident that their admitted safety from de- 
structive explosion does not come from this relation, however, 
but from the division of the contents into small portions, and 
especially from those details of construction which make it toler- 
ably certain that any rupture shall be local. A violent explosion 
can only come of the general disruption of a boiler and the libera-— 
tion at once of large masses of steam and water. 

In the year 1872 the writer, preparing the report of a committee 
conducting tests of steam boilers at the exhibition of the Ameri- 
can Institute for 1871, with the approval of the committee, wrote,* 

“In this class, of which there are many different kinds in the 
market, the water space, and frequently the steam space, of the 


* Journal of the Franklin Institute, 7 1872. 
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boiler is contained in a large number of comparatively small oom- 
partments, each of which is very strong, and the explosion of 
which is not likely to result in that widespread destruction of 
property, and that great loss of life which so frequently follow 
the explosion of the older and more common forms of steam boiler. 

“Your committee feel contident that the introduction of 
this class of steam boilers will do much toward the removal of the 
cause of that universal feeling of distrust which renders the pres- 
ence of a steam boiler so objectionable in every locality. The 
difficulties in inspecting these boilers thoroughly, in regulating 
their action, and other faults of the class, are gradually being over- 
come, and the committee look forward with contidence to the time 
when their use will become general, to the exclusion of the older 
and more dangerous forms of boilers.” 

The writer is contident that this is still the sentiment of engi- 
neers generally, and the time to which that committee then looked 
forward with suck interest is rapidly approaching. Tgie figures 
just given and the comparisons made in this paper, may aid, some- 
what, in awakening engineers to a realization of the importance of 
carefully considering the magnitude and the dangers of the won- 
derful force with which they have to deal and to the importance of 
finding ways of making its use satisfactorily safe. 

It should be noted that equations (A) and (B) give the quantity 
of energy available from unity of weight of the fluid, expanding 
from the initial temperature and pressure down to the tempera- 
ture of steam of atmospheric pressure, as used in a non-condensing 
engine. The energy produced by that part of the operation 
represented by the expansion-liue, in the boiler explosion, is ob- 
tained by deducting from this total the product of initial pressure, 
above the atmosphere, by the initial volume. Table L., of ** avail- 
able” energy, represents the total; Table IL, that of ~ stored” 
energy, the latter part. The former is the measure of the maxi- 
mum work possible in a non-conducting cylinder; it represents « 
limit which may be approached, but which can never be reached 
in practice. 

The energy of steam alone, as stored in the boiler, is given by 
column 10 of Table Il. It has been seen that it forms -but a small 
and unimportant fraction of the total stored energy of the boiler. 
Table II11.* exhibits the effect of this portion of the total energy, 


if considered as acting alone. 


1 
: Table IIT. a were not ready at the time of reading the preced- 
ing part, and did not, theretore, appear in the copies then distributed. - 
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TABLE Il. pe ows 


STORED ENERGY IN THE STEAM SPACE OF BOILERS. 


Initial 
Velocity 
per sec. 


Stored in Steam 
ft. Ibs.) 
per Ib. of Boiler. 


Energy, 
Total. 


Height of 
Projection. 


. Plain Cylinder 676,693 27 271 ft 
2. Cornish 709 316 42 43 °° 
3. Two-flue Cylinder.... ..) 2,877,357 391 B51 

Plain tubular 022,73 10s 108 

Locomotive 183896 76 

2,135,802 85 
766,447 
302,431 107 
,462,4380 Hy! 
2 316,392 61 
F and Return Tube... 28 
oF 643,854 29 
3. Water-tube 108,110 61 
3,518,830 7 
311,377 24 


The study of this table is exceedingly interesting, if made with 
comparison of the figures already given, and with the facts stated 
above. Itis seen that the height of projection, by the action of 
steam alone, under the most favorable circumstances, is not only 
small, insignificant indeed, in comparison with the height due the 
total stored energy of the boiler, but is entirely too small to 
account for the terrific results of explosions frequently taking 
place. The figures of Table IL. are those for the stored pita of 
steam in the working boiler; they may be doubled, or even 
trebled, for cases of low water ; they still remain, “sndho com- 
paratively insignificant. While they may account for the ex- 
plosion-effects seen at the Sandy Hook experiment, it is by no 
Ineans certain to the mind of the writer that they do so; it is very 
evident that they are not sufficient to account for the more violent 
explosions described. Either the energy stored in the water has 
been, in such cases, thus effective, or other sources of energy 
must be sought. These calculations, therefore, may, on the 
whole, be taken as strong evidence, if not absolute proof, of the 
correctness of the Colburn Theory of Steam-Boiler E inate 


par | 
132 ft. 
3 32° 
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RECENT IMPROVEMENTS IN DRAWING-BOARDS. 


BY THEODORE BERGNER, PHILADELPHIA, PA. 


Ir is a fact universally acknowledged among engineers and 
draughtsmen that the drawing-board and T-square are, in their de- 
pendence upon one another, and even at the best of their various 
moditications of construction, only imperfect and unreliable means 
for drawing absolutely parallel lines with ordinary care. 

Nearly all designers perhaps have at times experienced the truth 
of this statement when taking up their drawing instruments on 
some Monday morning, eager to unburden the busy brain of some 
newly matured scheme by its graphical demonstration upon a draw- 
ing then in progress, the lines of which had agreed with the rela- 
tive conditions of the board and T-square until they were left on 
the previous Saturday afternoon, but which over Sunday had be- 
come so sadly distorted by a change of temperature or of humidity 
of the atmosphere that the fresh ardor was seriously checked by the 
discovery of this fiendish power of matter over mind. 

Among the attempts to make the board and T-square more 
liable, various modifications of construction have been devised: 
many kinds of wood have been tried, selected with utinost care and 
subjected to every conceivable manner of seasoning, and when all 
of these efforts failed to make those mutually dependent imple- 
ments thoroughly reliable in their fundamental requirements for 
reasonably accurate work, resort was even had to expensive steel 
T-squares and to boards with steel edges. 

These, if leading to greater accuracy on the one hand, have to be 
handled with great care, while the weight and sluggish friction of 
such a metal T-square or blade interferes seriously with the quick 
handling and ready yield to slight pressure essential for tiie uni- 
form gradation of narrow spaces between the lines. 

The subject to which your attention is now invited is the result 
of persistent efforts to arrive at more absolute accuracy in the draw- 
ing of parallel lines, and this by making the action of a parallel 
ruling device quite independent of the edges of the drawing-board, 
upon the relative degree of truth of which the T-square is de- 
pendent. 


| 
224 
- 
| = 
4 
i] 


RECENT IMPROVEMENTS IN DRAWING-BOARDS. 
- One of the earlier efforts to arrive at a really practical solution 
of this problem formed the inanimate subject of a patent granted 
to the writer on the 18th of April, 1871. It promptly failed to 


satisfy others less sanguine, and svon also myself, in its application | 


to practice in the drawing-room, Having disappointed even the 
modest hopes built upon it, it soon went over to the overwhelming 
majority of still-born patents. 


I finally succeeded in accomplishing my object in a very simple— 
and effective manner by means of an endless cord, stretched cross-— 
wise over four little grooved pulleys provided at the corners of the 
board in the manner shown at Figs. 60 and 62 of the drawings 
‘illustrating these present remarks. 

sefore proceeding with the description, I will here immediately 
anticipate and endeavor to dispel the honest doubts which I know 
will at once arise in the minds of those present who have not yet. 
had occasion to use or to test such boards, by acknowledging to you 
“my own earnest misgivings and fears as to the practical efficiency 
of a frail cord for my purpose until the first trial encouraged me 
in its adoption and until its daily practical use had with time fully — 
demonstrated its thorough reliability under the most adverse con- 
ditions, such as sudden changes of temperature or humidity of the 
atmosphere. 


By a brief practical demonstration which I propose to exhibit 
before your eyes presently on a large upright board, I trust to be 
able to accomplish more toward carrying conviction to your minds © 
than by mere words, To these I will, however, add, that in my own — 
experience and during several years of steady use of these boards — 
in my offices, I have not only never had occasion to renew any of 
these cords, but have on the contrary found them rather to improve | 
with time, inasmuch as they become “set,” as it were, or more and > 
more inelastic the longer they are in use. 


It has been a surprise to those who have had practice in the use 
of these boards how really slack the cords may be allowed to be-— 
come without materially impairing the accuracy of the work, For — 
such neglect of the proper condition of the cord there is, however, 
no excuse, in view of the handy means provided for adjusting — 
tension of the cord. | 

The drawing-board I prefer to make, for several good reasons, of 
a thin top slab of wood A, secured upon a rectangular, open frame 
aa. By crossing the cord ¢ underneath the slab A, the two por- 
tions of this cord which run parallel with two opposite edges of 
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the board are made to move in the same direction, or, in other 
words, if the portion of the cord on the right-hand side of Fig. 60 
‘be moved a distance of one inch upward, in the direction of its ar- 


Fig.60. 


ost 


row, the left-hand portion of the cord must advance the same dis-_ 
tance in the same upward direction, as indicated by dts arrow 
This equal amount and direction of movement of the cord ¢ at op 
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_ posite sides of the board is imparted to the blade or parallel ruler” 
JD by securing the ends of the latter to the cord in the manner shown 

in Figs. 65 and 67, and which I will briefly describe. The ruler 
JD carries at each end, at its under side, by means of a screw d and | 
milled nut e, the cylindrical block f and the elastic metal clamp g.— 
~The jaws of this little clamp are open at the end next to the board, 
and when tightened in this position take a firm hold of the cord, 
the manner indicated at Fig. 65. This tightening of the clamp— 
gq by means of screw d and nut e secures at the same time the block 
J firmly to the ruler D. 


On the other hand the release of clamp | 
-g, also loosens the block f trom the ruler and permits its outward 


wit 


idrawal in the slot A (as in Fig. 66), so a 


entirely from the clamps g g, when it is desired to detach the ruler. 
trom the board. 


The accurate parallelism of motion obtained in this way is, as 
will readily appear, in nowise dependent upon the condition of 
the board, the edges of which may be considerably out of truth 
without in the least impairing the functions of the cord ¢ and_ 
ruler D. ‘ 

As a test of the degree of accuracy obtainable by this device 
withont special care, or even with such manipulation as would pre- 
sumably tend to adverse results, two blank cards may be fastened 
at opposite ends of the board at hand, the endless cord of which is 
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over 17 feet in length, and, as you will observe, of very moderate 
tension. If now a series of lines be drawn across these cards, 
these lines shall prove to be parallel, although I will, in moving 
the blade, alternately take hold of it at extreme ends (that is, 
having drawn a line, I will tor the next line move the blade by its 
right end, then by its left end, and so change about for a series of 
lines). The true parallelism of these may now be observed by bring- 
ing the edges of the two cards together. (The ruled cards were 
taken from the board and produced for inspection.) re 

Any required degree of inclination of the ruler in either direction 
from the horizontal line may be given, and correctly maintained, 
by securing its two clamps, g g, to the cord e¢ at such relative 
points as will produce the desired angular position of the ruling 
edge. 

Considerable end play of the ruler is not only admissible without 
impairing true parallelism ot lines, but some piay is actually needaea 
to compensate for inaccuracy of the board by permitting the blocks 
f to slide freely past the widest part of the board, as its edges are 
likely to be neither straight nor parallel. 

To a feeling of security and full reliance upon the correct action 
of this ruler, which the draughtsman soon experiences, comes that 
sense of ease with which he finds he can move his blade up and 
down, taking hold of it for that purpose at any most convenient 
point. It soon makes him forget that unceasing care with which 
his left hand always had to bear upon the blade, and at the same 
time press the head of his T-square against the guiding edge of the 
board, while his right hand was drawing the line along the blade, 
which he found more and more yielding and insecure the farther 
the work was remote from the head-block of his T-square. 

After the practicability of the new parallel motion was assured, 
very little reflection naturally suggested the adaptation of such boards 
to an upright position, and this change was, especially for large 
work, soon found to offer such remarkable advantages, both from « 
sanitary and technical stand-point, that it was promptly adopted in 
a number of large engineering offices. While I have no medals 
and diplomas from Humane Societies, attesting to the saving ot 
lives of any of my fellow-men, I am in possession of several very 
warm letters of thanks from persons whose health had been great|y 
impaired by persistent occupation at the drawing board, and whi 
with the change toa more healthful position have experienced great 
relief and a return to normal strength and vigor. 
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- The plate, Fig. 68, represents a clear, comprehensive outline of 
this upright class of the improved boards. In this construction a 
frame, /, is mounted upon a stand or easel, /) atan inclination of 
about 20°. By means of a counterweight, G, in the rear and two 


wire cords running over pulleys at the top, the sliding of this frame 
up and down is made very easy, so that any portion of the drawing 
may instantly be brought into the most convenient position for 
work upon it. 

The parts for the parallel motion of the blade are fitted to this _ 
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frame, which is so recessed as to receive a plain board //,that can be 
instantly removed, and another one of same size or of smaller 
dimensions put in its place, so that any number of boards for a 
whole series of views of a complicated machine or structure, or for 
different plans in progress, may be in hand simultaneously and 
readily interchanged. On these upright frames the blade, 7 is 
necessarily also counterweighted, as shown, to make it slide with 
the least resistance in either direction, and to hold it in any 
position. 

In these vertical boards the tension of the cord is adjusted by 
means of a button, over which the cord is wound at one end of the 
blade; a partial turn of this button in one direction increases the 
tension and in the opposite direction slackens the cord. The clamp 
at the other end of the blade provides for the adjustment of the 
latter, so as to place it either in its‘ normal, horizontal position, or 
to set it for any required amount of obliquity in either direction. 

The tension of the cord in the smaller boards is regulated with 
ease by a button plate, ¢ (Fig. 62), carrying two little grooved 
rollers, between which the cord passes, and which either slacken 
or tighten the cord (as seen at Fig. 62) by respective change of 
position of the button plate, 7, about its axis, upon which it is made 
to turn with sufficient resistance to prevent undue change of 
position. 

The advantages of a frame combining all the parts for the parallel] 
motion of the blade, and permitting the use of any number of in- 
terchangeable plain boards within it, are so obvious, that this con- 
struction has recently been also adopted for use on the ordinary 
drawing-table, so that those who, from force of habit or for other 
reasons, prefer the accustomed horizontal position of the board to 
the upright one, may from the use of a single frame derive the con- 
veniences of ready interchange of any number of plain boards. 

I will add, in this connection, some remarks which may be of 
interest, as bearing upon a peculiar material I discovered during 
early experiments, and the superior qualities of which led to its 
adoption in the making up of these boards. Having decided upon 
the use of a thin slab of soft wood for the top of the boards, with 
a strong, open frame underneath, through openings or slots in 
which the crossed cord was readily passed, and which frame, as tlie 
stronger member of the two, would keep the thin slab from warp- 
ing, I experienced some difficulty in finding uniformly clear, 
straight-grained thin stuff, properly cut from the log, and so 
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thoroughly seasoned as to withstand satisfactorily the effects of 
varying temperatures, ete. 

At about that time I was commissioned to visit the Paris Ex-_ 
position of 1878 in charge of the extensive exhibit and other foreign — 
interests of a large Philadelphia manufacturing establishment, and — 
while there I observed in the American section the unique exhibit 
of a New York firm, consisting in part of a number of thin, neatly 
edged and planed boards of spruce, termed “ Sounding-board Stuff;” 

and, secondly, of a series of completely made up sounding-boards of 
the various sizes and shapes required for the different styles of | 

g anos. The perfectly uniform and superior quality of the wood at 

once attracted my close attention. It stood in an open rack, exposed 

during six months or more to every change of weather and season, — 
and although its surfaces, clear and spotless at first, soon suffered in 
appearance by dust and by splashes of water from the sprinkling 
cans of the sweepers, every piece was sound and in good conditiou 
at the close of the Exposition. 


Having had my longing eyes on this wood for months, I was_ 
_highty pleased to tind the exhibitor’s s representative willing to turn 
it and the shipping case over to me at a nominal figure. I had it 


_ packed for return to this country, and it formed part of that luck- 
- government steamer the Constitution, which, after several 
“narrow eseapes from shipwreck, once grounding on the Irish coast, | 
and then, after a succession of gales and loss of her rudder, making 

- port entirely out of her course at Lisbon, Portugal, for coal and 
repairs, finally discharged her homeward and badly shaken 
and damaged exhibits at New York. 

Soon after receipt of my precious freight in Philadelphia, I had 
the whole of it made up into drawing boards, with such success — 
that the same quality of material, from the same source, has been 
procured for the boards ever since. It is simply faultless. 

Upon further inquiry into the source and manner of preparation 
of this material, | found that the manufacturer is not only very 

largely engaged in supplying many piano-makers of this country 
either with made-up sounding-boards or with the stuff for them, 
but that he exports largely to Europe, having a branch house at 
Leipzig, Germany. 

On his extensive tracts of forest in the best spruce region of this 
State this immense business has been organized upon the basis of 
long practical experience and science combined. Of the faultless 
trees selected, only the hutts are used, which secures a clear and 
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straight-grained article. All such logs are invariably quartered — 
first and then sawed §-inch thick, the cuts running as nearly paral- 
lel as possible to the radius of the tree. 

After the boards have been exposed to the frost and open air- 
under sheds for several months, they receive a thorough additional - 
seasoning in steam-heated rooms, and are then planed on both sides 
down to 7,"or 3” and edged. Then commences a careful classifi- 
cation of the boards. They are first assorted with regard to their 
color, grain, and clearness, then again according to length and 
width, so that finally each lot represents in every respect a per-— 
fectly uniform standard of quality. The corner-pieces of the 
quarter logs which are not wide enough for boards are cut into— 
bars for sounding-boards, or are used for making other minor parts 


of the piano, for which spruce is suitable. 


DISCUSSION, 


Mr. Oberlin Smith.—Mv. President, in illustration of the remark 

of Sidney Smith, that “those confounded ancients were always 
_ stealing our ideas,” I will say that Mr. Bergner borrowed some 
original ideas of mine and put them into practical use in this draw- 
-ing-board of his years before I ever thought of them. A few 
months ago I wanted to put up a board for my own use, and I hit: 
_ upon this idea. I put the grooved pulleys at the corners and_ 
stretched a small steel wire, crossed underneath (just as in Mr. 
Bergner’s imitation), to which I attached the ends of the square_ 
blade. I must say, however, that Mr. Bergner’s is better than 
_ mine, He not only basely imitated mine, but had the effrontery 
- to improve it very much—and all this before I had time to think 
it. As soon as I need another drawing-board, I will get one of 
his, I think it is the best thing ever gotten up for a drawing 

Office. It is, indeed, almost absolutely perfect for ordinary work. 

Mr. Towne.—I am very glad to add a word of testimony to the 
merits of this drawing-board. I may say briefly that in the draw- 
.- office of the Yale & Towne Manufacturing Co. we have, | 
think, eight or ten of these boards in use, the oldest of them for 
five or six years, and with perfect satisfaction always. We have 
seven or eight draftsmen at work using them, and we would not 
think of dispensing with them. ca) he 
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CLXVIL. 
LOCKS AND THEIR FAILINGS.* 


Reported and Revised from an Address 
BY A. C. HOBBS, BRIDGEPORT, CONN. | - 


A Lock is made most secure against picking when it is so con- 


structed that the operator must take his chances of hitting the com- 
bination or at getting the exact form of the key. If he can get 
at these facts by observation and the use of his trained senses, he 
can make a key or open the lock if he is allowed sufficient time. 
Now, the oldest lock—and when I say oldest I speak without 
much exact knowledge of it, but the lock we think is the oldest—is 


4. 


Fig. 


what is known as the warded lock. Those locks are made with 
a series of cbstructions placed in and about the key-hole, so that an 
accidental key although entering the key-hole will not turn, and 
some are made so that a strange key will not enter the hole. The 
key of a lock of that class will look like No. 1 in Fig. 69a. In 
fact, the key will tell really what is in the lock. Now suppose that 


* I may have frequent occasion to refer to what | have personally done in the 
way of discovering and exposing the failings of locks. Iam aware that in so 
doing I lay myself open to the charge of egotism, but on that point I must beg 
your indulgence, for I see no better way of carrying out my purpose of showing 
how easy itis for mechanical engineers and lock makers to be mistaken. —A. C. H. 
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blank was full in No. 1, you could not get it in. But if you had 
a little smoke on the key, you would find by pressure and rubbing 
where the obstructions were, and by tiling away by little and little, it 
could enter the lock. No, 2 shows a different form, which not only 
has an obstruction, but here you have an L shape which you have 
to pass. You go still further and in No. 3 you have to pass this T 
shape. All you want is to clear the obstructions, and a skeleton like 
No. 4 will pass them all and open all the previous three locks, In 
the lower line you have still more complicated keys and still more 
difficulty. But you put your blank key in with a little wax, or 
smoke it, and step by step you can find these places out, and skele- 
ton No. 8, which will pass all the other obstructions, will open all 
locks whose keys are like those on the lower line. That anchor 


10. 


(Fig. 69), designed to give special complication (which is not to the 
windward to-day, I believe) [Laughter], and that cross represent 
but fictitious obstructions to the picking of such locks, When I used 
to want to open a lock of that kind, I carried a lot of these curious 
skeleton things with me like Nos. 4 and 8; but you can easily make 
them from the lock itself. The lock tells its own story by its ob- 
struction to the keys. The whole security of the lock depends upon 
the difficulty of fitting something that will pass those obstructions, 
and locks of that kind have been made varying in size, varying in 
form, varying in workmanship. In the Atheneum in Boston, 
they have a picture of Pat Lyon, of Philadelphia. He was consid- 
ered one of the finest workmen in the country; and he made 
a warded lock for the Philadelphia Bank, and told the parties 
when he put it on, “if ever that lock is opened except by its true 
key you can charge it to me.” [The lock was opened, and I will 
tell you more about that after a while.] Banks have depended on 
this type of lock, boxes of all kinds, trunks, bags, ete., have been 
locked with locks of that kind, and those locks are still continued 


| 
|) 
7 


« 
ee LOCKS AND THEIR FAILINGS. 


235 


The next thing seems to have been to supply a series of mov- 
able obstructions or pieces—they may be called tumblers, pins, or 
slides, or whatever you please—but there is a series of movable 
pieces, which as you turn the key are moved to certain positions 
and allow the lock to be unlocked. The point to be ascertained in 
these cases is how these pieces should be moved. The oldest lock 
I know of that kind is what is called “the Egyptian lock.” Fig. 
75 is taken from a lock which I saw illustrated in the British 
Museum. That is to go on the outside of the door, not the inside, 
and the front and back staples are all made of wood. Ifthe right key 
is slipped in, you raise those pins up, and the bolt can be mov red back 


EGYPTIAN-LOCK. 


or forward as ‘you please. The difficulty of opening that lock 
without the key is to ascertain the position of those pins and the 


Fig.75. 


distances through which they should be moved. The principle 
which has been working through many locks for years is developed 
fully in that early lock, and it can be made to show how such locks 
can be picked. If you were to put something in the key-hole and 
push these pins up they would drop down again, if that was all 
you did. But if you were to take hold of the front end of the 
bolt of the lock and push it, and then were to put in a piece of bent 
wire to lift the pins, you would find that one of those pins would 
be bound more than the others, and would be held up, and so in 
about the time I have been talking of it, you would open the lock. 
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You take a single pin while the pressure is on and push it up. It_ 
stays there until the last pin is up, and back goes the bolt. The 
same point is carried out in what is called the Stansbury ward 
locks (Fig. 73). That really had no wards or fixed obstructions, 
but it bad a disk, and in the disk a series of holes. In those holes 
are a number of pins, forced forward by springs as shown below. 
The key is made so that its end view appears as in the cut, the 
series of dots representing pins. If you try to turn the disk back 
you can bring pressure on those pins one at a time and push them 
out. But what is more simple to do is to make a key, the form ot | 
the key being governed by the size of the key-hole, and put a little 
wax on the end of it. Dy pressing it on the disk it shows exactly 
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where the pins are, and you can by that means form a key to open 
the lock. 

I went to a Philadelphia bank some years ago to sell them a lock. | 
They were very well satisfied with the locks they had on, but told 
me that if I would open their door they would buy a lock, and that 
was just what I wanted them to say. On the outside door they 
had one of those Stansbury locks; on the inside, a lock of Pat. 
Lyon’s, “the best in the world,” and besides that they had another 
fastening. I took the measures of the key-hole, formed my key, 
and went the next morning, and in about eight minutes I opened 
the outside door. I went to the inside door, and with an instru- 
ment which [ had made I turned the bolts back, but could not open 
the door. I locked them again and unlocked them. Still the door 
would not open. I used to carry a little box with me about fifteen 
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inches long, which had in it trays full of almost all kinds of honest 
instruments, though some call them burglar’s tools. I also had a 
lot of watch springs. I took a watch spring and felt along the 
back of the door and felt the hinge, and went along and felt what 
they call the dog. I came to the centre of the top of door, and it 
stopped. I locked the lock and I felt the three bolts. I threw 
them back again with my key. I knew there was a bolt there 
which was not connected with the lock. I examined around on 
the inside of the outer door, and I could find nothing there. I felt in 
the bolt-holes of the outer door. There was nothing there; but near 
the outside of the door was a counter with scales on it for weighing 


their gold. I took hold of the case that covered the scales, tipped 
it up, and the door came open. So that all the security they had 
was from these warded locks, and on the inner door was that secret 
bolt. As the result of my operations I sold them a lock. Let me 
say that Pat. Lyon told them when that lock of his was put on, 
that if any one opened that lock without the key that he was the 
man that did it. They took him at his word, when the bank was 
robbed, and he was arrested and put in prison. He finally proved 
his innocence, and they found the burglars, and he recovered quite 
a large amount of damages; and they thought so much of Lyon 
after that, they had his picture put in the Boston Athenzeum. 
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The next type of lock is what is known as the letter padlock 
(Fig. 70), and that has a great number of changes and combina- 
tions. It has a cylinder, and that has a slot in it. The portion D 
(Fig. 71) slides in the cylinder C, and a set screw turns into that 
slot in D, so that it cannot be drawn quite out. The first account 
of that lock is in a book published in Amsterdam, and it gives the 
date as 1682. They had a set of four rings, and on the rings was 


a series of letters, as you see in Fig. 70. They picked from those 
letters some combination of four, and the rings were put into the 
slide, and when those notches on the inside of the rings were 


DIAL-LOCK. 


brought into the right relative positions they allowed the lock to open. 
They supposed the security of that lock depended on the chances 
of hitting the combination of letters. Those four rings will give 
something over eight thousand different combinations, and the 
chance of hitting the right one is very small. Fig. 70 was improved 
by Regnier, of Paris, in 1786, by putting a set of outer rings on. 
The position of the outer ring on the inner one, which carries thie 
notches, can be varied as you please, so that you can change thie 
combination every day if you wish. Now the trouble is to ascer- 
tain what the combination is on which the rings are set. If you 
undertook to run the chances, you might do it the first time, but 
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the chances would be very small, and if it were only to be opened in 

that way, it would be as secure a lock as could possibly be made. 
If you take hold of those rings you will find they are all perfectly 
free; but if you put something in between the ends of the lock 
that tends to push them apart, you will find that whatever strain is 
put on these shackles A and E to force them apart, comes on these 
pins. These rings bind, one after another, and feeling them as 
they bind, you turn them around until they are free, and by and 
by, before you are aware of it, your lock will drop open. Last year 
when I was here I told some stories about it.* 

Fig. 72 shows a modification of the letter-padlock principle, and 
is what is called a dial lock. I had been in London about eight or 
ten days at the time of the Exhibition in 1851, when I received a 
letter from William Brown, St. James Hotel, to come and see him. 
I went to see him—William Brown, M. P., and head of the house of 

grown, Shipley & Co., the bankers. He was very glad to seeme, and, 
after talking over many things, finally he came around to locks. He 
had invented a lock, and he explained it very clearly tome. “ Now,” 
he said, “ this dial, and these notches, and these thousands and thou- 
sands of combinations—it can be set in any way, and how would it be 
possible to open it?” Isaid, “ Mr. Brown, I think vour lock is very 
much like the letter-padlock, and if it is, it can be opened.” “ Oh,” 
he said, “ you do not understand me.” I said, ‘* Well, explain it 
again.” He explained it again, and then said, “ Do you think you 
can open such alock asthat’” [saw he was very well satistied with 
his lock, and so, to evade his question, I simply said, “ I should not 
like to say.” He said, “ Next time you come to Liverpool, come 
and see me.” I did not think much more about Mr. Brown or his 
lock, thinking that if he was pleased with it there was no occasion 
for me to disabuse his mind, About four months after, I received 
a pamphlet containing the proceedings of the Archzeological Society 
of Liverpool, and the last paper read was a paper by Sir William 
Brown on locks. He wound up in this way: “ During the time of 
the Exhibition in 1851 I saw Mr. Hobbs, and I described this lock 
to him. At first he said he could open it, but after a more thor- 
ough explanation was made to him,so that he fully understood the 
lock, I again asked him the question, and his answer was so evasive 
that] have made upmy mind he could not open it. Then I said, 
“Mr. Brown, your case wants seeing to by this time.” I went to 


Liverpool, called at his banking-house, and he seemed very glad to ) 


* Transactions A. 8S. M. E.. Vol V., page 128 
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— seeme. He said, “I have just got a safe coming in that I want to_ 
show you.” He showed me an old lock, as the new one was not 
then accessible. The lock had four dials, instead of those two as’ 
shown in Fig.72. He locked it, and I began toexplain to him what. 
I should do if I were going to try to pick it. There was no key to 
— fit such a key-hole as shown in the cut, but there was a wrench to 
_~put in and throw the bolts when the dials were turned in the proper 
position. I said, “ You do not think anything of that wrench, do 
you?” “No,” he says ; “ we just throw that on topof the safe at. 
night.” I said, “ If I wanted to open this safe, I should take this 
wrench and put it in and feel the bolt while turning the pointers on 
the outer dials around.” Presently the cashier came, saying to Mr. 
Brown that a gentleman wanted to speak to him. So he asked me 
to excuse him, and went away. Just as he turned away the bolts: 

went back! Said J, “Mr. Brown, don’t leave me with this door 
open. It has come open.” He said, “ How did you open it?” I 
ae “T do not know. I was turning the wheel around and it — 
. came open.” He called the cashier to lock it again. I turned my 
back to the lock, and in about ten minutes opened it again. There — 
were four of these studs and four of these dials. In each of the 
dials within the lock there was one deep slot, and several shal- 
low slots. Now, as that inner dial was turned around, when it 
came to the shallow slot the bolt would start slightly back, and 
then I would feel around until I came to another slot. Then | 
turned them around until I came to the deep notches, and the bolt 
went back. The lock was quite as easily opened without knowing 
its combination as if you knew it. Mr. Brown was very well satis- 
tied, perhaps, but not much pleased. 
This is the foundation, I think, of all letter permutation locks— 
this letter padlock. They have all that peculiar feature. I am 
speaking now of 1851, or a little later. Ido not speak of modern 
combination locks, of course. The locks I speak of all had that 
same defect. With a delicate touch a man could sit down and open 
them just about as well without a key as with one, or without any 
knowledge of the combinations on which they were locked. . 
The next form of locks with movable obstructions are what are — 
called the tumbler locks. Most of them have pieces such as © (Fig. 
78), pivoted on aTpin. There is a stump, B, as it is called, and 
then what are called gatings in the tumblers. Those tuwblers, when — 
the lock is locked or unlocked, hang over the stump as shown, and 
the key is made with a series of steps which are called bits, That 


bit at the end is called the bolt bit, which takes hold of the bolt to 
move it; but before that reaches its part of the bolt, the bits above 
it have taken each hold of a tumbler, raising it to a different point. 
This last bit then takes hold of the bolt and moves it back and forward. 


That is the general movement of all tumbler locks. If you were to 
undertake to feel those tumblers to tell whether they were right or 
wrong, without a pressure on the bolt, you would not feel any- 
thing. But if, by a proper instrument, you were to take hold of 
the bolt first, and you were then to feel these tumblers, you could 
very readily tell on which the pressure came, and by that pressure 


acting to hold up the tumblers in the right place, you could very 
easily get them into such relations as to release the stump and 
open the lock. In order to make the work on such a lock as simple 
as possible, if you will notice the form of key shown in Fig. 83, you 
will see that there is a bolt bit, and there may be a series of bits of 
different lengths, turning freely on the shank of the bottom bit. 
Now, by putting this instrument into the lock, that bottom bit 
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goes against the bolt, and the other one is left perfectly free. We 
hang a weight upon the arm from the bolt bit, to get a pressure. 
We take hold of this movable bit, feeling the tumblers one after 
another, and sliding them up, the weight on the bolt bit keeping 
the stump bearing against the tumblers. By-and-by back goes the 
bolt. 

The Andrews locks (Fig. 74) are opened on the same principle— 
the tentative process. The tumbler lock for a long time was 
considered perfectly safe so far as picking was concerned. But it 
was considered unsafe for the reason that some one might get hold 
of the key, and from the original key take an impression, and from 
that make a key and have control of the lock. Therefore it was 
considered desirable to have what is called a changeable lock and a 
changeable key. The first changeable-key lock that I know of was 
invented by Dr. Andrews, of Perth Amboy (Fig. 74). Those tuim- 


ANDREWS- LOCK 


blers B are simply plates of steel and brass fastened to a pin D. 
Now the outer bit of that key, and the first bit, were always neces- 
to work the bolt. These bits would raise this outer tumbler 
. up, it would catch on the pin G, and the other tumblers not being | 
caught there would draw with the bolt, so you could use the key 
with the bolt bit and the first bit, and lock the lock with one tum- 
bler. That lock was changeable so far as this feature went, that 
you could either lock it fully with all the tumblers or lock it with 
part, or if you wanted to change the key, lock and all, you could 
take your lock off the door, change your tumblers, and then change " 
the bits of the key. When we put this tentative proces on, how- 
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ever, the lock was just exactly where the rest were. It was opened 
in precisely the same way, and although the lock was changeable 
‘it was considered almost worthless. 

In speaking about how these locks can be opened, it should be 
said that there is a great deal of difference in a man’s taking a lock 
cat his own workshop or house and opening it, as compared with the 
difficulty of operating on it in place. I have had a great deal of 
experience in this latter way when going about to different bankers, : 
cand yet T always found the best chance I had of selling a lock was 
when I could find a man who had full confidence in his locks. I 
went one morning to a bank in Smyrna, Delaware, and told them 
what I wanted. The cashier said, “ Mr. Hobbs, we have had 
meeting a few days ago in regard to our locks. We have examined 
them thoroughly, and do not want to purchase alock. Iam very 
busy this morning. I should be glad to see you some other time 
and talk to you, but I donot want to purchase a lock.” There was" 
another gentleman in the bank, who was second in authority, who 

said to me, * What kind of a lock have you got#” And I was’ 
very glad to take out one of my locks and show it to him. I saw 


locks, and in talking to this gentleman I spoke very strongly about 
that class of lock, not being supposed to know that le had that kind 
on the bank. (!) 


locks¢”’ said, “ Nothing particular, I was talking about locks 
I found in some places here.” Ie said, * The lock you are speak- 
ing against is my lock.” I said, “ You do not mean to tell me 
you are secured by locks of that kind¢” He said, * Let ine see you — 
try one of them.” I went around, and about as quick as I can tell — 
it to you the door was opened. 

I want to tell you about the lock shown here in Fig. 84. It is. 
the lock made by Robert Newell, of the firm of Day & Newell. I 
think that Mr. Yale and Mr. Newell were the two experts in mak- 
ing locks, as I was in picking them, They made one general mis- 
take, and that was in adding obstructions. While they did not 
change the principle of the lock, they kept adding something to it. 
Mr. Newell found that his first lock could be opened by the tenta- 
tive process. He went to work to make it impossible to do this. | 
Then there was another objection to previous locks which I shall 
describe presently, allowing us to ascertain by the motion of the 
bolt whether we were making any progress, and he took pains to 
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cover that up. He understood there was some means by which we 


could go inside a lock and almost map it out, and he took pains to 
obviate that. He thought he had made an almost perfect lock, and 


a. thought so too. There were partitions in the lock ; and arrange- 
ments are made so that, as the tumblers are raised by the key and 
the bolt is thrown, the tumblers are hooked together in place. The 
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piece which is to slide and lock the tumblers is raised by the spring: 
shown in the ent. After the key is withdrawn, your tumblers. 
come down to a perfect level, and you leave the form of the key on 
the outer parts of the tumblers, and if you apply pressure to the: 
_ bolt for the purpose of pulling it back, or if you move this tumbler, 
the tumbler moves away independently, and leaves the contact 
with the bolt, and there is no possible means of feeling what the 
contact is. The idea of opening that lock by the tentative process 
is knocked out entirely. Everything was guarded against thor- 
oughly. There was no way known of picking that lock at the 
time. There was a man by the name of Woodbridge, in Perth 
~ Amboy, in 1849. He knew all about these locks, but he wanted to 
-make one that would be cheaper and better. So he made his lock 
with a series of tumblers similar to that; and it was so arranged that 
in the locking the tumblers were carried up, and the key, instead of 
taking hold of the bolt to throw it back, touched a tang on it, and 
- if an attempt was made to withdraw that bolt before the tumblers 
were in an exact position, whatever you had in the key-hole then 
was caught, and you could not recover it. I was in Lancaster, 
Pennsylvania, where [ had been putting locks on a bank, and one 
morning the cashier came in and said, “ Mr, Hobbs, there is some- 
thing for you.” He showed me a New York yaper which said 
that Mr. Woodbridge had put his lock in the Merchants’ Exchange, 
and offered $500 to any one who could open it. I said, “That is 
my money.” TI went to New York and found that this reward was 
offered to open the lock which had been put on one of Herring's 
safes in the Merchants’ Exchange. So confident was Mr. Wood- 
bridge that nobody could open the lock, there being over a hundred 
million changes, that he offered this reward of $500 to any one 
who would open the lock in thirty days, and he could have the use 
of the key for one dollar an hour, I wrote a certificate, to put in the 
safe, saving [ had had thirty days to open the safe, and could not do 
so in that time, and therefore I thonght it a safe lock to purchase. 
He putin a check of his father’s for $500, and the safe was locked up. 
“ Now,” [said,“ Mr. Woodbridge, you do not own that money, it isa 
check of your father’s. I do not like to take the money under these 
circumstances. Open your safe, take your check ont and give me 
my certificate, and eall itsquare.” He said, * Go ahead.” I got per- 
mission from the janitor to use the room at night. In the evening 
I had a man to bring pieces of plank there, as the key-hole was too 
low to work at. You all understand that if you put anything on a 
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plank and rock it, you can raise it with little help. Two gentlemen 
were standing behind me, and one said to the other, “1 will bet a_ 
hundred dollars he opens that lock.” “Why,” said the other. 
“Don’t you see the way he is raising that safe,” was the reply. 
I had a key made with a channel deep enough to take a watcel 
spring, and by putting that in the lock and setting it from 
tumbler to tumbler, I could run those watch springs up between 
the different tumblers. The first one that I ran up had a_ 
notch in the end, and I[ ran it up through until it struck the 
corner of the stump; then having a plate with a screw on it 
I got the angle, and it told me just exactly how much higher 
the obstruction was. I went to work then, after measuring 
and getting the measurements set down, and I then changed my — 
7 watch-spring, and tried one with a little piece brazed on the end. 
TI measured in this way all the proportions of the fourteen tumblers. 
with all the accuracy I could. I got the exact lengths required for 
the bits, as closely as I could without the key. I did not take the 
key at night, or they would have charged for the twelve hours. 1- 
— took the bolt bit off the key, so that if I had possibly made a false 
move I could get the key out; I turned the key around, which 
adjusted the tumblers, and I threw the bolt back with a piece of 
bent wire so that the door would have opened, and left the stump 
hanging in the gatings. I went up to Mr. Woodbridge’s house 
and told him there was something the matter with his lock, and 
would he come to the Exchange at ten o’clock? I notified the 
three arbitrators to be there at ten o'clock. I had left the crooked 


There was quite a crowd around the safe. Mr. 


Woodbridge came Mere very much pleased, and said, * What is 


the trouble I said, There is something the matter with your’ 
lock.” He said, * What is it?” I said, “It will not keep your 
door shut,” and I drew it back. That lock had, in addition to 
what appears in the cut, one or two additional safeguards, so that 
every single point that was known in that lock was guarded. 

There was one step that had been made in regard to picking these 
locks. After they knew about this tentative process, they made their 
locks so that you couldn't feel the tamblers at the same time you were | 
trying to pull the bolt back. They got them fully guarded, so that | 
this instrument was of no use, and the way that we tried to operate 
oo was this: If you take hold of the bolt, supposing the lock 
_ has ten tumblers, and you put a given pressure on it, if you can 
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“move any one of those tumblers which are resisting the press- 
‘ure when you release it from the stump, the bolt will go back 
‘slightly, and however slight the motion may be, you can detect 
it with a good micrometrical measure—if it moves a thousandth 
of an inch—and you know you are making progress. Suppose 
that the key bits were all cut off, leaving only the bolt bit 
on. I have a series of wires that will screw into the shank. The 
‘micrometer is set so that when you get to the point at which it 


BRAMAH-LOCK. i» 
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touches you are made aware of the least motion, so that going to 
one after another, noticing wherever you get any motion, you find 
out all about the lock and can open it. Suppose I begin on the 
outer tumbler. I move it away up; I go to the next, and the next, 
working backward and forward so that I can make a perfect key, 
and however secure the lock may have been against everything 
else, that process throws it out. I discovered that process about 
1859 or 1860. I came back to New York in 1860, and I found 
that Mr, Linus Yale had about the same time discovered the same 
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thing, and he had altered many locks that he had made, to protect 
them against this danger. 

I went to England in 1851, having learned that Bramah had a 
lock in his window, and had offered 200 guineas to any one who 
would open it. I went out there with the determination to open - 

that lock. It was a large padlock hung up in the window, and I 
read the challenge. But I waited. I was a little nervous and 
didn’t want to take hold of it too soon. Finally I went in one day | 
and asked the man what it was. He said, “It-isa lock.” He said, | 
“Are you a lockmaker?” I said, “ No, I never made a lock, but — 
-T would like to see it.’ He took it out of the window, and I took — 
-my penknife and began to feel of the slides, C. Fig. 78, 79, and 81. 
will show you a sectional and an end view of the lock with the cap | 
taken off. It shows an inner cylinderand an outer cylinder. The 
inner cylinder, as you put the key in, would press a dise down so as — 
to relieve that spring, and then as the key came in straddling over | 
those slides, the notches would bring those slides in position to 
pass the plate which you see. There is a nib on the key (Fig. 80) 
that presses that slide down, and 
when the slides are all in the right 
position that will turn the cylinder 
around and throw the lock back. 
The lock on which I operated gave 
me cnly three thirty-seconds of an 
inch between the drill-pin and the 
side. The force of the spring un- 
der that dise was fourteen pounds. 
This is shown with false notches. 


Fig.80. 


But in order to have those false 

notches effective, there are little 

notches cut out in the plate, so 

that when these false notches come 

around, it would slide and eatch 

there. Now, in order to open that 

I had to operate in a space of 

sixteenth of aninch. I had to 

take up one thirty-second to get a 

tube that would go down over this 

pin and press this dise out of the 

ray. I went to the lock with the expectation that under each one 
of those slides was a spring. But I was mistaken, There were no 


worked them down until they could go into this hole here. I had — 
a piece bent over so that I could work around that, and by putting 
the strain on the cylinder and bringing these slides into contact — 
with the disc, I followed them up one by one, but I couldn’t do it: 
-all in one afternoon. I took little bits of brass that I filed, show- 
ing the position of the slides 1, 2, 3, 4, 5,and 6. I took my instru-— 
ments out and went back the next morning to start again. By the 
way, though it was a padlock, it was secured to a door. I had a 
little bit of iron with a little thumb-screw which I fastened to the 
door, and I used that to keep that disedown. The third time I went. 
to the lock I succeeded in getting the slides all right, and turning it | 
around partly unlocked it, but it stuck. That thumb-screw bore on _ 
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‘should turn to release it had released the screw. I went and ; 
thought over the difficulty, because what had made the trouble was 
that in doing this much, the part which I took hold of to get my_ 
_ pressure had slid around and got under the cap, and I had to contrive 

~ some other way to get the pressure on. I drilled a hole so that: 
‘it came in about the right portion of the lock. I got a little 
bit of steel wire and screwed it in. I put a wedge in, and so I got 

the pressure and succeeded in opening the lock. The conditions— 
were that in opening that lock, the lock should be left in perfect 
order, so that it could be locked and unlocked with the key. Af-— 
ter having opened it, and tearing they might make some complaint 
if they found that little hole there, I got a little piece of brass wire, 
tapped the hole, and fitted the wire in, and after working it down | 

I put a little sulphuric acid on, and I had an old place there instead 

of a new hole. The arbitrators came, and in their presence I 
locked and unlocked it three times in twenty minutes. After 

doing that, Mr. Bramah made a protest and said the lock was 


not opened according to the challenge. By the way, I forgot one 
thing that helped me along very much indeed. It so happened 
that the London Times had an article on the Exhibition describing 
a cause of Hope’s jewels. It said, “* The case is locked with one of 
Chubb’s locks, but if we understand rightly the American gentle- 
man throws down the gauntlet and offers to open both Chubb’s 
and Bramah’s locks, That brought out both Chubb and Bramah, 
and Bramah said if the American gentleman will pick the lock, he 
shall receive the 200 guineas reward.” The original challenge read 
thus: “ The artist that will produce an instrument that will open 
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this lock shall receive 200 guineas reward the instant it is produced.” 
Bramah said that I had not opened the lock according to the 
challenge. I had used instruments and not an instrument. IT had_ 
the Zimes in my pocket. I produced it and said there was my an-— 
swer to his argument. The arbitrators said I was entitled to the— 
money. 

Early in the Exhibition I met a great many gentlemen interested 
in locks. Mr. Hensman, Chief Engineer of the Machinery De- 
partment of the Exhibition, said to me one day, “ Mr. Hobbs, how 
is it that you can open these locks?”  ‘ Well,” I said, “the best 
way for me to give you an idea of it, is to get a lock and show you.” 
I went to Chubb’s and bought a lock, paying ten shillings for it, 
and after having it in my possession some few days I went down 


to Mr. Hensman’s room and said, “I have come to show you the 


structure of this lock, and upon what principle it can be opened.” 
He said, “ Wait a moment.” He went out and came back presently 
with Robert Stephenson, Sir Humphrey Dilke, Roberts of Man- 
chester, and some other gentlemen, and _ said, “ Now, Mr. Hobbs, 
let us see that thing.” i said, “ No; I came here to show you the 
principle on which that lock could be picked ; I did not come to 
make an exhibition, and I shall not do it.’ I said, “If you will 
have this understanding, that I do not make this as an exhibition 
_ of lock-picking, I will go ahead.” “ Very well,” said they ; that was 
done. I took the tumblers out of the lock one by one, showed 
them the whole structure, put it together, and then screwed it in a 
vise. I took my little instrument ont of my pocket, and I locked 
and unlocked the lock several times in their presence. About a 
fortnight after that a paper was read before the Institute of Engineers 
_of Birmingham, at the Society of Arts in London. Mr. Chubb and 
I were there. A gentleman from Wolverhampton, before that, 
came to see me and said, “ Mr. Chubb is making a lock at Wolver- 
hampton, and he is going to try and eatch you.” I said, “I am 
obliged to you, and I shall be very careful.” As I said, Mr. Chubb 
was at this meeting, and he had one or two locks lying on the table. 
Among the locks was this one that I had at the exhibition. Mr. 
Hodge read a paper, and said something about the ease with which 
Chubb’s locks could be picked. He sat down, and Mr. Chubb got 
up and said he had been very much abused. He said the * Ameri- 
an gentleman has undertaken to pick one of my locks. He came 
to my store and bought the lock and had it in his possession eight 
days. Let me have one of his locks in my possession eight days 


— 


and I will make it safe to be picked.” It was “hear, hear,” all 
around, I was in very bad repute for a few minutes. Chubb went 
on in this way: ‘ Gentlemen, I have brought with me a lock, and 
it lies on the table. If you will appoint a committee of gentlemen 
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to take that lock and put it on any door, anywhere you please, and 
if Mr. Hobbs, or anybody else, can pick that lock, I will acknowl- 
edge that any lock I have made ean be picked.” It was “ hear, 
hear,” again. After Mr.Chubb got through I requested permission 
to make a few remarks. I told them that what Mr. Chubb had 
said about my buying the lock and having it in my possession eight 
days was true, every word of it. “ What he said as to my having 
done something to the lock which made it easy to be picked—that 
may be true, but the lock lies on the table; he can examine it and 
see if it is made safe to be picked. Mr. Chubb says there is a lock 
lying on the table, and if the American gentleman, or anybody 
else, will open it, he will acknowledge that any lock he ever made 
can be picked. That lock has been made in Wolverhampton with- 
in three weeks, and it is made as Mr. Chubb never made a lock 
before. It is made for a trap to catch me. Now if Mr. Chubb 
will name any lock in the United Kingdom that he ever made and 
sold, I will invite any party of gentlemen, including Mr. Chubb, to 
go with me; if I do not open it I will pay the expenses, and if I 
do Mr. Chubb shall pay them.” It was “hear, hear,” on my side 
then. IT went on, “there is a party of gentlemen here who saw the 
operation of opening the lock at Mr. Hensman’s room, and I will call 
on them to tell what was said and done.” Mr. TTensman was the tirst 
to get up, and he told the story. He said, “It is a simple mechani- 
cal operation ; anybody can do it that understands it.” Mr. Appold 
Was an amateur mechanic; he said, “Gentlemen, I was very much 
pleased with what Mr. Hobbs said he was going to do, and I felt 
very much interested, but I did not think he was going to open the 
lock. But when I saw what he did, I understood it so well, that I- 
went home and made an instrument with which I opened every 
one of the twelve Chubb locks which I have in my house.’ Then 
they began to say “ hear, hear,” for me. Mr. Stephenson made some 
remarks, and then Mr. Roberts, of Manchester, who was an old 
Scotchman—very emphatic and very sure about everything he said 
—got up and said, “When Mr, Hensman came to me and told me 
le wanted me to go and see Mr, Hobbs pick one of Mr. Chubb’s 
locks, I went with him, but I did rot believe he could do it. But 
when he took that lock to pieces and explained the parts, one after 
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another, I began to feel a little doubtful; but when he took that 
little thing out of his pocket and held it up, and told me that 
that was what he was going to open it with, I said he could do 
it—he did do it—and anybody could do it.” There was a dinner 
given by the Institute of Civil Engineers that evening at the 
Freemasons’ Tavern, It is a custom there, that if a gentleman 
comes to a dinner he finds his card on his plate. There was a 
plate with A. C. Hobbs’ name on it, and one with Chubb’s name. 
But the latter plate was not used that evening. He did not come. 

Some months after I got through with the picking of the Bra- 
mah lock, I made the remark that I expected to tind springs under 
the slides. They thought the matter over, and made up their 
minds that if they had springs under the slides it could not be 
opened. So they changed the lock, and had one put on a bank at 
Cheapside. I went in there one day and said, “I am very sorry 
you have got this lock. The manager of the bank said, “ Do you think 
you can open it?” IT said, “I think so.” I took the measure of the 
lock. It was a lock with eight tumblers, and it had a spring under 
each slide. The key was the same as before, with steps in, of dif- 
ferent lengths. I went to work and made an adjustable key, like 
that shown in Fig. 82. Those slots are all so deep that when you 


put that into the lock it presses the dises down and does not toucl 
the slides. I then loosened those screws and the wires dropped 
down on to the slides. I took hold of the handle and put a pressure 
on this cylinder, the same as before, and the spring resting against 
the slides; if I pushed it down the spring would push it up again, 
if it did not bear against this plate; and so I worked them down 
one at a time, and screwed the wires fast. After I had got the key 
formed in the lock, I called the cashier and said, ‘See if you can 
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open it with this thing.” Ie put it in and locked and unlocked it 
just as well as he could with his key. So that by putting the 
springs in to make it more secure, he made it so that one instrn- 
ment would answer to open it. 

After it was proved thoroughly that the Bramall lock could be 
picked, a man by the name of Cotterill made a lock (Fig. 77). The 


K. 


end of the key, instead of having slots, had notches in it, and was 
made as shown in the cut. The slides radiate from the center, in- 
stead of up and down, You put that in and it opens just the same 
as with the other. It leaves it just about in that position. 


Fig.77. 


As I said, at the beginning the greatest possible security that can 
be got in a lock is to make it so that a man cannot, by any possi- 
ble means, begin at zero and work up. If he has got to run the 
chances of raising these tumblers, all right—it is impossible to do 
it. When you get up to eight slides, or movable pieces, there 
are 40,320 combinations against you, as shown in the accompanying 
table; and if you get up to twelve, you have 479,001,600. 


TABLE OF COMBINATIONS. 
362, 
3,628,800 
39,916,800 
479,001,600 
6,227,020,800 
87,171,291,200 
| L 1,307,674,368,000 


Mr. Newell made many changes. Mr. Yale made many changes. 
I -?- ai some of these days we shall have an interesting paper on 
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those modern locks, and how the changes have been made. The 
locks shown on my diagrams were all made prior to 1851, and for 
that reason, perhaps, I might have felt more at home in presenting 
these matters before an antiquarian society; but, such being the 
vase, it leaves room for such members of this Society as are familiar 
with modern locks to continue the subject at some future meeting. — 


Mr. Oberlin Smith —Is the ordinary safe lock, with the knob in 
the centre of the lock, as easily pickable as those illustrated in the 
paper ¢ 

Mr. Hobbs.-—That goes beyond my day. 

Mr. Towne.—I will not undertake to prolong this subject farther 
than to express the persoual obligation that I feel to Mr. Hobbs 
for so interesting a description of events that thirty years ago were 
looked upon with interest, literally by two continents, England 
and America were then both keenly alive to the work being done 
at the exhibition, and Mr. Hobbs was the foremost and central tig- 
ure ip that work. On another occasion, when our time is less short 
than it is this afternoon, I should be glad to say a few words in the 
same direction, 

I want to say, without attempting to answer Mr. Smith’s ques- 
tion, that the progress of the art of lock-making since the time of 
which Mr. Hobbs has been speaking, has been in a diametrically 
opposite direction trom what he has shown us. In most of the me- 
chanie arts the process of development is one of building up. We 
take what has been done before and go on to improve and build on 
that as a foundation; but it is almost literally true, that in the art 
of lock-making the things that stand to-day are not based upon _ 
what is illustrated in the paper before us, but are absolutely and 
entirely new. All the past has been wiped out, and a new method 
of work has grown up since then. That new method has one great 
principle of difference from the old. As Mr. Hobbs has told us. 
the effort in the old locks, in order to guard against picking, was to. 
keep adding on. A defect would be developed, and some addition 
would be made to the lock to meet that defect. Another defect: 
would be discovered, and another addition would be made to meet: 


it, until at length the locks took the complex form you see in the 
Newell lock. The old Treasury lock of Mr. Yale was even more — 
complicated than that. To-day, on the contrary, absolute simplicity 
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is the chief merit of all locks, and is the basis of their seenrity. Liter- 
ally, where there is one piece in the locks of to-day, you would 
find probably ten in such locks as Mr. Hobbs has been telling us 
about. The direction of growth has certainly been a desirable one 
—the reduction of a given mechanical problem to its simplest pos- 
sible terms. 

In answer to Mr. Smith’s question, let me say, that the combi- 
nation locks of to-day, operated by a dial from the outside—any of 
the reasonably modern locks of that kind, of good repute and well 
made—are practically unpickable. Locks of that construction have 
been picked, and also locks which, up to the time of their picking, 
were thought absolutely invulnerable; but the method of picking 
them was a moditied application of the principles Mr. Hobbs has ex- 
plained, and the time of their picking was soon after this period 
Mr. Hobbs has told us about. The application of that method to 
those forms of locks is now well understood and perfectly guarded 
against ; and any good dial lock of modern construction is practically 
proof against picking. 
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REPORT OF COMMITTEE ON A STANDARD METHOD — 
OF STEAM-BOILER TRIALS. 


To the American Socie ty of Mechanical Engineers. 


GENTLEMEN 

Your Committee, to whom was intrusted the consideration of the 
subject of Standard Methods of Testing of Steam-boilers, and the 
duty of preparing a Code of Regulations for such tests, have the 
honor to present the following report :— 

1. The importance of establishing a method of trial of steam-boilers 
that should determine their steaming capacity under any given set 
of conditions, and their economy in the use of fuel, is so thoroughly 
understood and so detinitely recognized by engineers engaged in 
the design and construction, or management and use of them, that 
it has been thought, by all, that some system of testing should be 
settled upon, for general use, which may be relied upon to give all 
the facts needed in relation to the performance of boilers, with 
substantial accuracy, and yet with least possible expenditure of 
time and money, and a method which may be adopted by any 
fairly skilful engineer, without the use, so far as it can be avoided, 
of unusual forms of apparatus. 

It has been the duty of your committee to examine carefully the 
methods of testing boilers now practised, to consider to what ex- 
tent they present advantages or disadvantages, and finally to frame 
a Code of Instructions, embodying what they consider to be the 
best methods of experiment and the most satisfactory plan of 
working up and stating results. In this labor they have met with 
all the difficulties which usually attend an attempt to reconcile the 
opposing views of those who are acknowledged to be authorities 
on the subject, and to combine the various advantages possessed by 
systems in use among such members of the profession. Their 
object has been, not to prescribe a regulation method of test that 
shall be considered as representing the most complete possible 
system, and as giving results exact to the degree that would be 
satisfactory in purely scientific work, but to propose a code for 
daily use by the practising engineer which may be relied upon for 
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substantial accuracy to limits of error within the range of com- 
mercial requirements, one that may be adopted by any engineer 
deserving of a place within the ranks of the profession, and one 
that may be followed closely under ordinary circumstances of 
every-day experience. 

It has, however, also been attempted to present, independently, 
aview of the refinements of recent practice in this matter which 
may be of service to the engineer who finds it desirable and possible 
to attempt work of scientific exactness, and of the utmost possible 
completeness. 

2. The object of a trial of a steam-boiler, as your committee 
understands it, is to determine with great precision what is the 
quantity of steam that a boiler can supply continuously and regu- 
larly under definitely prescribed conditions; what is the con- 
dition, and therefore the commercial value, of that steam: what is 
the amount of fuel demanded to produce that steam-supply ; what 
is the character of the combustion, and what are the actual con- 
ditions of operation of the boiler when at work, all of which 
should be presented in a report stating the results thus determined. 
The conditions prescribed for one trial may differ greatly from 
those demanded for another trial of the same, or of another boiler, 
and those differences of circumstances are often the essential matters 
to be studied, and their effect noted upon the performance of the 
boiler which is the subject of the report, In any case, however, it 
is assumed that the conditions under which the boiler is to be 
worked are to be detinitely stated, and the engineer conducting the 
experiments is expected to ascertain as exactly as possible the facts 
which go to determine the performance of the boiler, and to state 
them with accuracy, conciseness, and thoroughness, 

In the attempt to ascertain those facts by observation of the 
ictual performance of the boiler, the engineer meets with some 
erious difficulties, and finds it necessary to use the most perfect 
ipparatus, and to exercise the utmost eare and skill. In even 
‘oO simple a matter as the weighing of coal and the measure- 
nent of water, errors are often found where least expected, 
ind they may make their appearance even in the work of pains- 
iking and experienced practitioners. In conducting a steam-boiler 
rial, the weight of the water supplied to the boiler must be exactly 
tetermined ; the weight of the fuel consumed must be similarly 
‘tained ; the state of the steam made must be determined, and 
hose quantities must be noted at such frequent intervals, during 
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the test, that the log will exhibit every irregularity of operation, 
and its effect upon the performance of the apparatus. To secure 
thoroughly satisfactory results, it isalso necessary to know whether 
the combustion is perfect or imperfect, and to what extent the 
character of the combustion, as well as the other conditions and 
facts noted, are due to the excellences or the defects of the boiler, 
and what to external conditions. 

3. In the tests of boilers made in earlier times, these determi- 
nations were made with comparative crudeness of method, and the 
results of such methods were such as would be considered to-day 
grossly inaccurate. The coal consumed was in large part estimated, 
and no pains were taken to ascertain the amount of unevaporated 
water carried over with the steam. It thus often happened that 
results were reported that were far beyond the utmost possible 
efficiency ; the evaporation of water was sometimes reported ata 
higher figure than theoretical perfection would yield; and it has 
only been within a very recent period that it has been possible to 
judge what is the real performance of the standard types of steam- 
bviler, under ordinary circumstances, from the reports published, 
in many cases, as the work of engineers of reputation. 

A great change has been gradually taking place both in the sen- 
timents and in the practice of engineers engaged in this depart- 
ment of professional work, and it has come to be considered that 
the exact determination of power and economy of a steam-boiler 
demands the exercise of all the care, skill and perfection of method, 
and of apparatus, required in the prosecution of any purely scien- 
tific investigation. It is now demanded that the weights of fuel 
and of water, the perfection of the combustion, the quality of the 
steam, and the temperatures of feed water and of furnace flue, shall 
be determined with an accuracy that shall be within the limits 
of error of good instruments; that, wherever possible, a system 
shall be adopted which shall permit of checking and verification 
of the reported results, and which shall make it as nearly as 
possible certain that no error can enter the work without prompt 
detection and correction. It is further demanded that all impor- 


tant work of this kind shall be done in substantially the same way, 


in order that comparisons may be easily made without the necessity 
of going through long and troublesome calculations in the effort 
to reduce the reports to be compared to a common basis. 

4, This sentiment, and these demands, can evidently be complied 
with only by the establishment of some standard unit of measure 
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of the power of the boiler, and of evaporative efficiency, and some 
definite and standard method of condue ‘ting the test. T his stand- 
ard unit of measure must be simple, easily de fined, andl convenient 
In application; the standard m:thod of trial of boilers must be 
prescribed by a code of rules so concise and yet so definite that 
every member of the profession may be able to adopt them. The 
scheme must also be so complete that, if carefully and ex: actly fol- 
lowed, the precise value of the boiler m: iv be ascertained with cer- 
tainty. The method of record of facts determined must be such 
as will exhibit all the essential sadieic in tabular form, and un- 
obscured by the introduction of unessential firures, 

5. Such a code of rules has been proposed by a joint committee 
of the Union of German Engineers and of the Central Union of 
Associations for the Care of Steam Boilers, and this set of regula- 
tions may be considered as the embodiment of the best ideas of our 
Continental colleagues on this subject. Your committee have ex- 
amined this document with care, and find themselves in full accord 
With its proposers in the main, while obliged to offer some modifi- 
cations of the scheme which are thought to make it more effective 
and more acceptable to American engineers. The Code of Rules 
for Use in Trials of Steam-Boilers which your committee proposes 
is herewith submitted and will be found appended to this report. 

6. The first provision of the code is that the object uf the test to 
be made shall be precisely stated, and carefully kept in view during 
the whole trial, and during the preparation of the report. This 
object may be the determination of the steaming capacity, of the 
maximum efficiency, or of the quality of steam supplied by the boiler 
under specified conditions ; or it may be the comparison of the 
qualities of various fuels. These objects cannot all be attained at 
one time, and maximum steaming ¢: apacity and maximum economy 
of fuel are, almost invariably, if not alway s, the result of incom- 
patible conditions. The method of handling the steam generator 
will therefore differ as one or the other of these objects is to be 
sought. 

It i is next provided that the boiler to be tested shall be exactly 
measured, in order that data may be obtained for subsequent cal- 
culations, These measurements should be taken before the trial, 
not only because that is usually the most convenient time, but ai 
because this preliminary measurement may sometimes lead to the 
discovery of defects of construction, as well as of proportions, that 
may suggest modifications of the pla in of test previously laid down. 
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The boiler is then to be put in the best possible order, in every re- 
spect, so that its observed merits or defects may not be obscured by 
accidental conditious having no relation to such merits or defects. 

7. It is provided that sn understanding shall be reached, before 
the trial, in regard to the kind of fuel to be used. Neglect of this 
precaution sometimes leads to needless misunderstandings, and 
avoidable criticism of the results reperted. It is proposed that, 
where no reason of controlling importance exists to the contrary, 
the best obtainable coal shall be selected, for the reason that it is 
thought that a boiler can be better judg “dl, and the results of its 
trial may be more satisfactorily compared with similar trials of 
other boilers when the very best work of which it is capable is done 
by it. The differences between separate lots of the best coals are 
less than the differences between separate lots of inferior fuels, and 
the comparison is thus less difficult where the former are used. To 
secure still more exact knowledge of the influence of the quality of 
the fuel upon the performance of the boiler, it is considered advisa- 
ble to have an analysis made of the coal used in all cases in which 
it can be done. 

8. The establishment of the correctness of all the apparatus to 
be employed in the test is the first of the preliminaries to their use. 
The standardization of the instruments is a matter of supreme im- 
portance, since upon their accuracy the whole work of the engineer 


is dependent. It is also a work demanding, in most cases, unusual 


skill and care, and, to be satisfactory, must generally be performed 
either at the manufacturer's or at the office of the engineer con- 
ducting the trial. The scales can usually be standardized by the 
official sealer of weights and measures, and sealed by him; the 
water meters, if used, can be readily tested by the use of the scales 
so sealed; the thermometers are, as a rule,. best tested by their 
makers, and should be sent to the maker for test immediately be- 
fore and directly after the test. The engineer often has a care- 
fully preserved standard with which they may be compared in his 
own office. The same remarks apply to the examination of the 
gauges used, which should be standardized both before and after 
their use. The apparatus used in connection with the calorimeter, 
in the determination of the quality of the steam made, demand ex- 
ceptional care in this process; they are rarely of sufficient delicacy 
and accuracy to give perfectly satisfactory single determinations, 
even at the best, and the use of ordinary commercial instruments, 
carelessly standardized, or not at all, cannot be too strongly depre- 
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cated. Where it is unavoidable, the use of coarsely graduated ther- 
mometers and roughly constructed scales may be permitted, but 
only then when a very large number of observations are taken, and 

Jain average thus obtained which may be fairly expected to fall 
within reasonable limits of error— say within one per cent. 

9. The precautions to be taken before beginning a trial are pre- 
scribed in some detail, since your committee consider them of great 
importance, and have known of serious embarrassment arising by 
their neglect. 

The method of starting and of stopping the trial is preseribed in 
a form which seems to your committee best as a whole. This is a 
very important matter, and yet is one upon which engineers of ex- 
perience and acknowledged authority are not in complete accord. 
Your committee, for this, and also for the other reason, that the 
plan here proposed may not be always practicable, prescribe a sec- 
ond or alternative method, which may be adopted for such cases, 
or, where the engineer conducting the test is confident of being 
able to do better work than by the first of the two methods. The 
principles to be adhered to in this matter. as in every other detail 
of the operation of testing a boiler, are easily specified, but they 
are not always as easy of practice. All conditions should be as 
exactly the same at the beginning and at the end of the test as 
they can possibly be made. The period of the trial, and the times 
of stopping and of starting, should be capable of being exactly 
fixed,and the method of test should be such as should permit of the 
commencement and the end occurring at these exactly detined 
times, or, as an alternative, they should be such that the work done | 
by the boiler durin 


g the less precisely determinable time of begin-. 
ning and ending of the trial should be as nearly as possible x77, 60 
that a slight error as to time may not appreciably affect the results. 
The “Standard Method” proposed by your committee is consid- 
ered to meet these requirements as fully as any method in use. 
The alternative method is regarded as the next best. 

10. During the trial, the essential provision should be the pres- 
ervation of the utmost possible uniformity of working conditions 
throughout the whole period of the trial. Every irregularity pn 


rise to more or less loss of effi ‘ieneyand to uncertainty in regard . 
the correctness of the reported figures. The nearer the working of 
the boiler is kept to the final average for the trial, the better. 

11. Your committee consider the method of keeping the record 
of the test as no less important than the method of test itself, 
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Perfect uniformity of operation within the boiler-room, and maxi-_ 
mum efficiency of boiler, are best attainable where a system of 
record is adopted which allows of that regularity being shown at 


all times; and records in proper form are the best possible security 


against error of observation. The committee are unanimous in 
recommending that graphical methods be adopted wherever it is 
found practicable to employ them. Such methods of record also 
exhibit most satisfactorily the accordance with or the deviation 
from the uniformity of operation considered so desirable on the 
score of efficiency and accuracy. Your committee present a form 
of record blank which they consider as concise as is ever desirable 
in any important trial ; and would prefer, in special cases, a more, 
rather than a less, complete record. 

12. It is proposed by your committee as desirable that, when 
practicable, analyses of the escaping gases should be made. This 
is an operation of great simplicity, and can easily be made familiar 
to any engineer who chooses to take the trouble of learning it. If, 
for any reason, it is not found convenient to make the analysis in 
the office of the engineer, he can readily have the work done, at 
little expense, by intrusting his samples to a chemist of known 
skill and reliability. This provision is made as a part of the code, on 
the ground that it is only by a knowledge of the proportion of con- 
stituents of the flue-gases that it can be determined whether the 
combustion is complete, whether the products of combustion are 
diluted with excess of air,and whether the fuel used has been se 
burned as to give its best effect. Such analyses also enable the 
engineer to ascertain the best method of burning the fuel. The 
code prescribes the precautions to be taken when this detail is 
carried into effect. 

13. The establishment of the value of the “ Unitof Evaporation,” 
and that of the “Commercial Horse-power” of the beiler, are 
matters which have been considered by your committee to be of 
essential importance to the settlement of a thoroughly complete 
standard method of trial, and of a perfectly satisfactory system of 
reporting results. 

It has been evident to every observer that the sentiment above 
alluded to, as having arisen among engineers during the present 
generation, in favor of reducing the whole matter of testing boilers 
to an acknowledged standard system, has led to the endeavor, on 
the part of the most able among practitioners, to determine stand- 
ards with which to compare results obtained in such trials. The 
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two most essential standards are those just referred to. The trials 
of boilers are made under a wide range of actual conditions, the 
steam pressure, the temperature of feed-water, the rate of com- 
bustion and of evaporation, and, in fact, every other variable con- 
dition, differing in any two trials to such an extent that direet 
comparison of the totals obtained, as a matter of information 
relating to the relative value of the boilers, or of the fuel used, 
becomes out of the question, It las thus gradually come to be the 
custom to reduce all results to the common standard of weight of 
water evaporgted by the unit weight of fuel, the evaporation being 
considered to have taken place at mean atmospheric pressure, and 
at the temperature due that pressure, the feed-water being also 
assumed to have been supplied at that temperature. This is, in 
technical language, said to be the “equivalent evaporation from 
and at the boiling point” (212° Fahr.). This standard has now 
become so generally and so indisputably incorporated into the 
science and the practice of steam engineering that your committee, 
even were they acquainted with any other equally satisfactory unit, 
would hesitate to recommend anything else. They would simply 
express their approval of the adoption, and recommend the per- 
manent retention of this, which, as has been previously proposed, 
they would denominate the * (Vast of Evaporation,” i. e., one pound 


of water at 212° F. evaporated into steam of the same tempera- 


ture. This is equivalent to the utilization of 965.7 British thermal 
units per pound of water so evaporated. The relative economy 
of the boiler would then, as is customary, be expressed by the number 
of units of evaporation obtained per pound of combustible. 

14. The character and magnitude of the unit to be chosen to 
express the “ power” of the steam-boiler is not as well settled ; and 
your committee find themselves compelled to take up, in this 
matter, a subject which has attracted much attention among en- 
gineers, and which remains, nevertheless, unsettled. It is evident 
that, since the boiler is simply an apparatus for the generation of 
steam, and since the province of the steam-engine is to develop 
power from that steam, by the conversion of heat into mechanical 
energy 5 an 1 since, furthermore, the engine develops power with a 
degree of efficiency which may vary enormously with differences in 
construction and operation of that machine, it cannot be properly 
said that we have any natural unit of power for rating steam-boilers. 
The most nearly scientific system of power rating yet proposed is, 
perhaps, that which considers the power of a boiler to be that ex- 
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pended by it in driving all the steam which it makes out against 
the pressure of the atmosphere, a system which does not, however, 
meet the wants of engineers. What is needed is a standard unit of 
boiler-power which may be used commercially in rating boilers, and 
in specifications prescribing the power to be demanded by the pur- 
chaser and guaranteed by the vender. It is evident that such a 
unit would not, if established, serve as a gauge of the power to be 
actually obtained from any given combination of engine and boiler, 

since the power so obtained must be measured by the indicator at 
the engine, and not at the boiler, and since in so measuring power, 
the economy and efficiency of the boiler would be elements lett 
entirely out of the account. The best that can be done is obviously 
to assume a set of practically attainable conditions under which it 
would be fair to assume that the boiler may be properly expected 
to be operated in average good practice, and to take the power so 
obtainable as the measure of its power to be used in commercial 
and engineering transactions. The unit which has been most gen- 
erally assumed, up to the present time, is the weight of steam de- 
manded per horse-power per hour by a fairly good steam-engine. 
The magnitude of this quantity has been gradually and constantly 
decreasing from the earliest period of the history of the steam- 
engine. In the time of Watt, one cubic foot of water per hour 
per horse-power was thought a fair allowance ; at the middle of the 


present century, ten pounds of coal was still not an unusual figure 


for the consumption per hour per horse-power, and five pounds, 
equivalent to about forty pounds of feed-water, was a good allow- 
ance for the best engines. After the introduction of the modern 
forms of expansively working engines, this last figure was reduced 
twenty-five per cent., and the most recent improvements have still 
further lessened the consumption of fuel and of steam. By general 
consent, it seems likely that the unit which will meet with final 
acceptance for general purposes, in the estimation of boiler-power, 
is not far from thirty pounds of dry steam per horse-power per 
hour, This represents the performance of good mill engines of the 
non-condensing type. Large engines, with condensers, or com- 
pounded cylinders, will do better by from twenty to thirty per cent. 
Your committee have concluded to recommend thirty pounds as_ 
the unit of boiler-power. 

15. But it remains to be determined under what circumstances 
this figure shall be taken as standard. It is on this subject that 
practitioners, and the members of your committee as well, are not 
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fully agreed. Nevertheless it is, in their opinion, advisable that 


some definite set of conditions be prescribed to be taken as standard — 


without waiting for complete accordance of opinion throughout the — 
profession. 

~The Committee of Judges of the Centennial Exhibition, to whom — 
the trials of competing boilers at that exhibition were intrusted, 
met with this same problem, and finally agreed to solve it, at least | 
so far as the work of that committee was concerned, by the adop- — 
tion of the unit, 30 pounds of water evaporated into dry steam per — 
hour from fi ed-water at LOO? Fuahrenhe it, and under a pressure of 
- venty pounds per square inch above the atmosphe re, these conditions 


being considered by them to represent fairly average practice. The— 


quantity of heat demanded to evaporate a pound of water under | 
these conditions is 1110.2 British thermal units, or 1.1496 units of - 
evaporation (such as are here adopted and proposed for general use). 
~The unit of power proposed is thus equivalent to the development : 
of 33,305 heat-units per hour, or 34.488 units of evaporation, 
arguments in favor of the retention of this unit of power without 
modification are: 


(1) It is, toa certain extent, established, being the | 
only unit proposed by authority, up to the present time, which has_ 
been accepted to any important extent by practitioners; (2) It is’ 
considered by its proposers, and probably by engineers generally, | 
fairly to represent good average practice in the application of steam-_ 
power, as exlubited in the operation of engines and boilers under | 
ordinary actual working conditions. 


Both of these arguments are 
deemed by your committee to be valid and deserving of careful — 
consideration. The abandonment of an 


already established 
standard is always confusing, and should not be permitted without. 


the most cogent ot reasons. 


Another standard unit, which has been proposed to your commit- 
tee,and strongly urged as preferable to the above, is that represented 
by the evaporation of thirty pounds of feed-water into dry steam 
“from and at the boiling point,” at mean atmospheric pressure 


(212° F.) The arguments in favor of this unit are the following: 


1) In the determination of the unitof evaporation to be used in— 
steam-boiler practice, it has been generally, and probably unanimous- 
ly, decided by engineers that the evaporation shall be reckoned as— 
having been effected at the boiling point from water assumed also. 
to be supplied at that temperature, and that one pound thus evap- 
orated shall be the unit. 


This being the established unit of evap- 
oration, consistency and convenience both dictate that the power 


206 REPORT ON A STANDARD METHOD 


of the boiler should be expressed in the same unit, or some handy 
multiple thereof; (2) It is submitted that the reduction of this 
unit to an exact multiple of the unit of evaporation will greatly 
facilitate caleulations, inasmuch as the work done by the boiler is 
to be reduced to the same standard of feedstemperature and tempera- 
ture of evaporation 5 (5) Dy the adoption of this unit, the trouble 
and risk of error coming from the attempt to use a factor as proposed 
above, differing from the multiple of the already accepted factor by 
14.96 per cent., may be entirely avoided ; (4) The unit last pro- 
posed is equivalent to 26.09 pounds of water evaporated from LOO 
Fahr. into steam at 70 pounds pressure, and is claimed to be itself 
more nearly representative of good average practice than the cen- 
tennial unit. 

Your committee has carefully weighed the arguments relating to 
these standards, as they were presented in writing by their respec- 
tive advocates, and, after due consideration, has determined to 
accept the Centennial Standard, the first above mentioned, and to 
recommend that in all standard trials the commercial horse-power 


be taken as an eva voration of 30 pounds of water per hour trom a 
Jeed-wat. ? tem pe rature of 100° Fuhr. into steam at 70 pounds 


gauge pressure, Which shall be considered to be equal to 344 wnits 
of evaporation, that is, to 344 pounds of water evaporated from a feed- 
water temperature of 212° Fahr. into steam at the same tempera- 
ture. This standard is equal to 33,305 thermal units per hour.* 

It is the opinion of this committee that a boiler rated at any 
stated number of horse-powers should be capable of developing 
that power with easy firing, moderate draught and ordinary fuel, 
while exhibiting good economy ; and further, that the boiler should 
be capable of developing at least one-third more than its rated 
power to meet emergencies at times when maximum economy Is, 
not the most important object to be attained. 

Any increase of temperature derived from a feed-water heater 
acted upon by the products of combustion eseaping from a boiler 
should not be credited to the evaporative efficiency of the boiler 


* According to the tables in Porter’s Treatise on the Richards Steam Engine 
Indicator, which tables the committee would recommend for general acceptance 
by engineers, an evaporation of 30 pounds of water from 100° F., into steam at 70 
pounds pressure is equal to an evaporation of 34.488 pounds from and at 212 
and an evaporation of 345 pounds from and at 212° F., is equal to 30.010 pounds 
from 100° F., into steam at 70 pounds pressure. 

The “ unit of evaporation” being equal to 965.7 thermal units, the commercial 
horse-power == 34.488 X 965.7 = 33,305 thermal units. 
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except by agreement; and in the latter case accurate tests can be — 
made only with feed-water of the average temperature used dur-_ 
ing the regular operation of the boiler. 


The code presented by your committee is necessarily, as has — 
been already indicated, condensed to the utmost possible extent | 
“consistent with exactness, and essential completeness. In matters 
of detail, it must be left to the engineer to carry out the evident: 
spirit and intent of the code by devising his own methods ; and 


it may he expected that every engineer will be competent to sup- 
plement the directions here given, as far as is necessary. 

In order, however, to exhibit the extent to which he may work 
up such details, and to present the views of the members of the— 
committee more fully, both in matters in which they agree and in — 
those in which differences of views exist, an appendix is added — 
to the report, in which memoranda written out by them are given 
‘deseribing details of work more fully than they are given in the 
code, and expressing individual opinions in regard to such matters 


as have seemed to each of such importance as to demand special 
notice. Each of these notes is signed with the initials of the 
writer. 


Respectfully submitted. 
Wa. Kent, 
J.C. Hoaprey, 
R. H. Tuvrsrox, | Committee. 
Cuas. E. Emery, | 
Cuas. T. Porrer, J 


CODE OF RULES FOR BOILER TESTS. 


PRELIMINARIES 


TO A TEST. 


I. Jn preparing for and conducting trials of steam-boilers, the 
specitic object of the proposed trial should be clearly defined and_ 
steadily kept in view. (Appendix I.) 

LI. Measure and record the dime NSLONS, position, ete., of grate 
and heating surfaces, flues and chimneys, proportion of air space in 
the grate surface, kind of draught, natural or forced. 

Il. Put the Boiler in good condition.—Have ating surface 
clean inside and out, grate bars and sides of furnace free from 
clinkers, dust and ashes removed from back connections, leaks in 
masonry stopped, and all obstructions to draught removed. See 
that the damper will open to full extent, and that it may be closed 
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when desired. Test for leaks in masonry by firing a little smoky 
fuel and immediately closing damper. The smoke will then escape 
through the leaks. 

IV. Have an understanding with the parties in whose interest 
the test is to be made as to the character of the coal to be used. 
The coal must be dry, or, if wet, a sample must be dried carefully 
and a determination of the amount of moisture in the coal made, 
and the ealeulation of the results of the test corrected accord- 
ingly. 

Wherever possible, the test should be made with standard cou! 
of a known quality. For that portion of the country east of the 
Alleghany Mountains good anthracite egg coal or Cumberland 
semi-bituminous coal may be taken as the standard for making 
tests. West of the Alleghany Mountains and east of the Missouri 
River, Pittsburgh lump coal may be used.* 

V. ln all cmportant tests a sample of coal should be selected 
for chemical analysis. 

VI. Establish the correctness of all apparatus used in the test 
for weighing and measuring. These are: 

1. Seales for weighing coal, ashes, and water. 
2. Tanks, or water meters for measuring water. Water meters, 
—as a rule should only be used as a check on other meas 
 —- For accurate work, the water should be 
weighed or measured ina tank. (Appendix VI. and VII.) 
3. Thermometers and pyrometers for taking temperatures of 
air, steam, feed-water, waste gases, ete. (Appendix X. to 
XIII.) 
4. Pressure gauges, draught gauges, ete. (Appendix IX., 
XIV., and XV.) 

VII. Before beginning a test, the boiler and chimney should be 
thoroughly heated to their usual working temperature. — If the 
boiler is new, it should be in continuous use at least a week before 
testing, so as to dry the mortar thoroughly and heat the walls. 

VIII. Before beginning a test, the boiler and connections should 
be free from leaks, and all water connections, including blow and 
extra feed pipes, should be disconnected or stopped with blank 


flanges, except the particular pipe through which water is to be fed 


* These coals are se!ected because they are about the only coals which contain 
the essentials of excellence of quality, adaptability to various kinds of furnaces, 
grates, boilers, and methods of firing, and wide distribution and general accessi- 
bility in the markets. 
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to the boiler during the trial. In locations where the reliability of 
the power is so important that an extra feed pipe must be kept in 
position, and in general when for any other reason water pipes 
other than the feed pipes cannot be disconnected, such pipes may 
be drilled so as to leave openings in their lower sides, which should 
be kept open throughout the test as a means of detecting leaks, or 
accidental or unauthorized opening of valves. During the test the 
blow-off pipe should remain exposed. 

If an injector is used it must receive steam directly from the 
boiler being tested, and not from a steam pipe, or from any other 
boiler. 

See that the steam pipe is so arranged that water of condensa- 
tion cannot run back into the boiler. If the steam pipe has such 
an inclination that the water of condensation from any portion of 
the steam-pipe system may run back into the boiler, it must be 
trapped so as to prevent this water getting into the boiler without 
being measured. tate. -* 

pat .<8 
STARTING AND STOPPING A TEST. sane 

A test should last at least ten hours of continuous running, and 
twenty-four hours whenever practicable. The conditions of the 
boiler and furnace in all respects should be, as nearly as possible, 
the same at the end as at the beginning of the test. The steam 
pressure should be the same, the water level the same, the fire upon 
the grates should be the same in quantity and condition, and the 

‘alls, tlues, ete., should be of the same temperature. To secure as 
ear an approximation to exact uniformity as possible in conditions 
{ the fire and in temperatures of the walls and flues, the following 
iethod of starting and stopping a test should be adopted: 

X. Standard Method.—Steam being raised to the working pres- 
ure, remove rapidly all the fire from the grate, close the damper, 
lean the ash pit, and as quickly as possible start a new fire with 
eighed wood and coal, noting the time of starting the test and 

height of the water level while the water is in a quiescent 
tate, just before lighting the fire. 

At the end of the test, remove the whole fire, clean the grates 
nd ash pit, and note the water level when the water is in a qui- 

escent state; record the time of hauling the fire as the end of 
ie test. The water level should be as nearly as possible the 
same as at the beginning of the test. If it is not the same, a 
correction should be made by compute ution, and not by operating 
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pump after test is completed. It will generally be necessary to 
regulate the discharge of steam from the boiler tested by means 
of the stop valve for a time while fires are being hauled at the 
beginning and at the end of the test, in order to keep the steam 
pressure in the boiler at those times up to the average during the 
test. 

XI. Alternate Method.—Instead of the Standard Method above 
described, the following may be employed where local conditions 
render it necessary : 

At the regular time for slicing and cleaning fires have them 
burned rather low, as is ustial before cleaning, and then thoroughly 
cleaned ; note the amount of coal left on the grate as nearly as it 
can be estimated; note the pressure of steam and the height of 
the water level—which should be at the medium height to be 
carried throughout the test—at the same time; and note this 
time as the time of starting the test. Fresh coal, which has 
been weighed, should now be fired. The ash pits should be 
thoroughly cleaned at once after starting. Before the end of the 
test the fires should be burned low, just as before the start, and 
the fires cleaned in such a manner as to leave the same amount of 
fire, and in the same condition, on the grates as at the start. The 
water level and steam pressure should be brought to the same 
point as at the start, and the time of the ending of the test should 
be noted just before fresh coal is fired. 


- DURING THE TEST. 


XII. Keep the Conditions Uniform.—The boiler should be run 
continuously, without stopping for meal-times or for rise or fall 
of pressure of steam due to change of demand for steam. Tlic 
draught being adjusted to the rate of evaporation or combustion 
desired before the test is begun, it should be retained constant 
during the test by means of the damper. 

If the boiler is not connected to the same steam pipe with 
other boilers, an extra outlet for steam with valve in same should 
be provided, so that in case the pressure should rise to that at 
which the safety valve is set, it may be reduced to the desired 
point by opening the extra outlet, without checking the fires. 

If the boiler is connected to a main steam pipe with other boil- 
ers, the safety valve on the boiler being tested should be set a few 
pounds higher than those of the other boilers, so that in case of a 


= 


rise in pressure the other boilers may blow off, and the pressure 


be reduced by closing their dampers, allowing the damper of the— 
boiler being tested to remain open, and firing as usual. 

All the conditions should be kept as nearly uniform as possi- 
ble, such as foree of draught, pressure of steam, and height of | 
water. The time of cleaning the fires will depend upon the char-_ 
acter of the fuel, the rapidity of combustion, and the kind of 


grates. When very good coal is used, and the combustion not — 


too rapid, a ten-hour test may be run without any cleaning of the 
“grates, other than just before the beginning and just before the 
end of the test. But in case the grates have to be cleaned during — 
the test, the intervals between one cleaning and another should | 
be uniform. 

Aeeping the Records. —The eoal should be weighed 
delivered to the firemen in equal portions, each sufticient for 
about one hour's run, and a fresh portion should not be delivered 
until the previous one has all been fired. The time required to con- 
sume each portion should be noted, the time being recorded at the 
instant of firing the first of each new portion. It is desirable 
that at the same time the amount of water fed into the boiler — 
should be accurately noted and recorded, including the height 
of the water in the boiler, and the average pressure of steam and — 
temperature of feed during the time. By thus recording thie 
amount of water evaporated by successive portions of coal, the — 
record of the test may be divided into several divisions, if de- 
sired, at the end of the test, to discover the degree of uniformity 7 
of combustion, evaporation and economy at different stages of : 
the test. (Appendix Il. and ILL.) 

XIV. Priming Tests—Tn all tests in which accuracy of results 
is important, calorimeter tests should be made of the percentage 
of moisture in the steam, or of the degree of superheating. At 
least ten such tests should be made during the trial of the boiler, 
or so many as to reduce the probable average error to less than 
one per cent., and the final records of the boiler test corrected ac- 
cording to the average results of the calorimeter tests. 

On account of the difficulty of securing accuracy in these tests, 
the greatest care should be taken in the measurements of weights 
and temperatures. The thermometers should be accurate to_ 
Within a tenth of a degree, and the seales on which the water is 
weighed to within one-hundredth of a pound. (Appendix XVII. to | 
XXL.) 
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ANALYSES OF GASES.—MEASUREMENT OF AIR SUPPLY, ETC. 


XV. In tests for purposes of scientific research, in which the 
determination of all the variables entering into the test is desired, 
certain observations should be made which are in general not 
necessary in tests for commercial purposes. These are the meas- 
urement of the air supply, the determination of its contained 
moisture, the measurement and analysis of the flue gases, the 
determination of the amount of heat lost by radiation, of the 
amount of infiltration of air through the setting, the direct deter- 
mination by calorimeter experiments of the absolute heating value 
of the fuel, and (by condensation of all the steam made by the 
boiler,) of the total heat imparted to the water. 

The analysis of the flue gases is an especially valuable method 
of determining the relative value of different methods of firing, or 
of different Kinds of furnaces. In making these analyses great 
care should be taken to procure average samples—since the com- 
position is apt to vary at different points of the fluae— Appendix 
XVI.)—and the analyses should be intrusted only to a thoroughly 
competent chemist, who is provided with complete and accurate 
apparatus. 

As the determinations of the other variables mentioned above 
are not likely to be undertaken except by engineers of high scien- 
tifie attainments, and as apparatus for making them is likely to 
be improved in the course of scientific research, it is not deemed 
advisable to include in this code any specific directions for mak- 
ing them. 

RECORD OF THE TEST. 


XVI. A “log” of the test should be kept on properly prepared 


blanks, containing headings as follows : 


-RESSURES, TEMPERATURES. FEED 
Pr RE URE WATER. 


Steam 
Gauge. 


Barome- 
ter 
Ibs. orc. 


Dranght 
Gauge. 
External 


tom 


OF STEAM-BOILER TRIALS. 


REPORTING THE TRIAL. 

XVII. The final results should be recorded upon a properly pre- 
prred blank, and should include as many of the following items as 
are adapted for the specific object for which the trial is made. — 
~The items marked with a * may be omitted for ordinary trials, but — 
are desirable for comparison with similar data from other sources. . 


Results of the trials of a 
Boiler at... . 
To determine 


2. hours. 


DIMENSIONS AND PROPORTIONS, 


Leave space for complete description. See Appendix 
XXIII. 
Grate surface. ...wide... 
$. Water-heating surface 
5. Superheating surface 
Ratio of water-heating surface to grate surface. 


AVERAGE PRESSURES. 


7. Steam pressure iv boiler, by gauge 
*S. Ab-olute steam pressure.... 
Atmospheric pressure, per 
10. Force of draught in inches of water.... 


AVERAGE TEMPERATURES, 
“11. Of external air 
Of fire room 
Of steam 
15. Of feed-water 


#19 

». 


l 
1 


16. Total amount of coal consumed + .......... 

17. Moisture in coal is ees per cent. 
18. Dry coal consumed lbs, 
19. ‘Total refuse, dry pounds : per cent. 
20, Total combustible (dry weight of coal, Item 18, 

less refuse, Item 19)..... 

*21. Dry coal consumed per hour 

» 


2. Combustible consumed per hour....... 


RESULTS OF CALORIMETRIC TESTS. 


3. Quality of stenm, dry steam being taken as unity. 
Percentage of moisture in steam .. percent. 
No, of degrees superheated 


* See reference in paragraph preceding table. 
+ Including equivalent of wood used in lighting fire. 1 pound of wood equals 
0.4 pound coal. Not including unburnt coal withdrawn from fire at end of test. 
18 
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WATER, 


Total weight of water pumped into boiler and 
apparently evaporated * 
Water actually evaporated, corrected for ey 
of steam ++ 
Equivalent w _ r evaporated into dry steam from 
aud at 212° F. ++... 
Equivalent #. a heat derived from fuel in British 
thermal units ++ 
Equivalent water evaporated into dry steam from 


ECONOMIC EVAPORATION, 


Water actually evaporated per pound of dry coal, 
from actual pressure and temperature +t 

Equivalent water evaporated per pound of dry 
coal from and at 212° F. ++ 

Equivalent water evaporated per pound of com- 
bustible from and at 212° F. ++ 


COMMERCIAL EVAPORATION, 


Equivalent water evaporated per pound of dry 
cecal with one-sixth refuse, at 70 pounds gauge 


pressure, from temperature of F, Item 


KATE OF COMBUSTION, 


Dry coal actually burned per square foot of grate 
surface per hour....... 
‘Per sq. ft. of grate 
surface 
er sq. ft. of water 
heating surface. . 
er sq. ft. of least 
area for draught 


Consumption of dry coal | Pp 
per hour. Coal assumex 
with one-sixth refuse. ++ | p 


RATE OF EVAPORATION, 


Water evaporated from and at 
ft. of heating surface per hour Ibs. 
) Per sq. ft. of thie 
| Water evaporated per | Ibs. 
hour from temperature of | Per sq. ft. of water 
100° F. into steam of 70 heating surface. Ibs, 
; pounds gauge pressure. ++ | Per sq. ft. of least 
area for draught. Ibs. 


* Corrected for inequality of water level and of steam pressure at beginning 
and end of test. 

++ The following shows how some of the items in the above table are derived 
from others: 

Item 27 = Item 26 x Item 2: 

Item 28 = Item 27 x Factor of evaporation. 


h = 
965.7 H and h being respectively the total heat 


Factor of evaporation = 
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COMMERCIAL HORSE-POWER, 


43. On basis of thirty pounds of water per hour 
evaporated from temperature of 100° F. into 
steam of 70 pounds gauge pressure, ( 
Ibs, from and at 212°) ++ 
44. Horse-power, builders’ 
per horse- -power.... : 
45. Per cent. developed above, , or r be low, , rating tt.. percent 


APPENDIX TO CODE 4 


I. OBJECT OF THE TEST. 


In preparing for and conducting trials of steam boilers, the 
specific object of the proposed trial should be clearly defined and 


steadily kept in view. 

1. If it be to determine the efficiency of a given style of boiler 
or of boiler-setting under normal conditions, the boiler, brick- 
work, grates, dampers, flues, pipes, in short, the whole apparatus, 
should be carefully examined and accurate Ly described, and any 
variation from a normal condition should be remedied if possible, 
and if irremediable, clearly deseribed and pointed out. 

If it be to ascertain the condition of a given boiler or set of 
boilers with a view to the improvement of whatever may be faulty, 
the conditions actually existing should be accurately observed and 


clearly described. 
3. If the object be to determine the relative value of two or 


more kinds of coal, or the actual value of any kind, exact equality 


units in steam of the average observed pressure and in water of the average 
observed temperature of feed, as obt:ined from tables of the properties of steam 
aud water, 
Item 29 = Item 27 x (Hf — h) 
Item 31 = Item 27 + Item 18. 
Item 32 = Item 28 + Item 18 or = Item 31 x Factor of evaporation. 
Item 33 — Item 28 ~ Item 20 or — 7 *m 32 + (per cent. 100 — Item 19). 
6 
Items 36 to 38. First term = Item 20 x 2 
5 
Items 40 to 42. First term = Item 39 x 0.8698. 
Item 30 
Item 43 = Item 29 x 0.00003 or = —-—. 
Difference of Items 43 and 44 @ 
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of conditions should be maintained if possible, or where that is 
not practicable, all variations should be duly allowed for. 

4. Only one variable should be allowed to enter into the prob- 
lem; or, since the entire exclusion of disturbing variations cannot 
usually be effected, they should be kept as closely as possible 
within narrow limits, and allowed for with all possible accuracy. 

J. C. H. 


Il. GENERAL OBSERVATIONS. i 


All observations are to be made by the expert, either personally 
or by his assistants. No statement of any kind is to be received 
from the owner or persons in charge of the boiler. All possibility 
of anything that would falsify the results must be closely guarded 
against ; all pipes not used must be taken away or blank flanges 


inserted. 

The two great points that are to be determined in every test of 
a steam-boiler, whatever the special and precise purpose of such 
test may be, are, the pounds of fuel burned, and the pounds of 


water evaporated, 
To arrive at these we need to know, first, the pounds of fuel put 
into the furnace, and second, the pounds of water fed into the 


boiler. 
‘To ascertain these facts with certainty is the fundamental re- 
The possibility of an error in either of these 


quisite in all cases. 
respects throws doubt upon all the results or indications of the 
test. The coal supplied to the furnace and the water fed to the 
boiler should, therefore, each be ascertained in a manner that 
proves its own correctness and excludes doubt. 

All tests of this nature are properly regarded with suspicion. I 
often myself read of tests and results that J put no faith in, and 
the same must be true of every one who is experienced in this 
; matter. I am therefore strenuous on this point. that a system of 
firing and a system of measuring the feed water should be em- 


: ployed that will prove the correctness of the reeord, and if 
: errors are made, will clearly expose them. 


If possible the steam generated should be condensed by passing 
it through a surface condenser, where it is cooled by a strong 
current of watér in a closed chamber. By this means the namber 
of thermal units added may be ascertained with precision. 

A boiler test cannot be conducted properly when it : compli- 
cated by being combined with an engine test. . 


_ 
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Il. PRECAUTIONS TO BE OBSERVED IN MAKING A BOILER TEST. 


It should be steadily kept in mind that the principal observa- 
tions to be made are the quantities of coal consumed and of water 
evaporated. If these quantities are ascertained accurately, and 
the conditions made the same at the beginning and end of the 
test, the most important requisites of a boiler trial will be secured. 
Other observations have their value both for scientifie and prae- 

tical purposes, but are in most cases subsidiary. 
Boiler tests are often undertaken with insufticient apparatus and — 
assistance. It is possible for a single person to test one boiler or 
even several in a battery, but it requires a great deal of labor to 
do so, and in many cases such person would be so fatigued as to 
be liable to make a simple error, vitiating the results. He would 
moreover at no time be able to give proper oversight to the test, 
so as to prevent accidental or unauthorized interferences. Tt is 
very desirable, in fact almost indispensable, that an assistant be 
detailed to weigh the coal, and another to weigh or measure the 
water ; if calorimeter tests are to be undertaken, still another as- 
sistant should be provided. The engineer in charge is then left 


free to oversee the work of all, and relieve either temporarily 


When necessary. Engineers are frequently called upon to make 
boiler trials in connection with parties whose interests are an- 
tagonistic to a fair test, and frequently the voluntary assistance 
of busybodies is likely to produce errors in the results. It is 
therefore essential to have trustworthy assistants, and those of 
sufficient calibre not to be confused by interested parties, who 
will frequently endeavor in the most plausible manner to make 
out that acertain measure of coal has been already tallied, or that 
a certain tank of water has not been tallied. 

In the tirst engine trials at the American Institute Exhibition 
(1869), in the Centennial boiler trials (1876), and since in private 
trials respecting performance of boilers as between the contractor 
aud purchaser, the writer has arranged for both interests to take 
the data at the same moment, with instructions, if agreement could 
not be had, that the difference be at onee referred to him. 

In weighing the coal, the barrow or vessel used should be 
balanced on a seale and then filled to a certain definite weight. 
The laborer will soon learn to fill a vessel to the same weight 
within a few pounds by counting the number of shovels thrown 
in, When the change of a lump or two, to or from a small box 
alongside the seale will balanee it. 
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The water may be measured in one tank by filling it to one 
mark and pumping down to another, but this involves stopping 
the pump when filling the tank, thereby failing to maintain uni- 


formity of conditions. Two tanks arranged so that each can be 


filled and emptied alternately are much better. A. still better 
plan is to have a settling tank to pump from and a measuring tank 
which is emptied into it, and this plan is improved by setting the 
measuring tank on a seale, and actually weighing the water. 
For large operations three tanks are necessary: a lower tank to 
pump from and two measuring tanks, one of which is filling while 
the other is being emptied. The writer has made several double 
measuring tanks with a horizontal section like the figure “8,” 
there being a partition between the two tanks lower than the 
rim of the tanks. Water is conducted at will in either of the two 
tanks by a pipe swinging over the partition. One tank is allowed 
to fill until the water in it overtlows into the other (which has been 
emptied and the cock shut), when the filling pipe is shifted into 
the empty tank, and as soon as the water level subsides in the 
full one, the water in that tank is allowed to flow out, the cock 
shut before the other tank is filled, and the operation repeated. 

A simple tally should never be trusted. Nothing seems more 
reliable to an inexperienced observer than to mark 1, 2, 3, 4, with 
a diagonal cross mark for 5; but when there are waits of several 
minutes between the marks, and several operations performed 
after a tally is made, there will be confusion in the mind whether 
or not the tally has been actually made. The tallies both of 
weights of coal and of tanks of water should be written on sep- 
arate lines, the time noted opposite each, and the records always 
made at the beginning or termination of some particular opera- 
tion ; for instance, in weighing coal at the time ouly when the bar- 
rel or bucket is dumped on the fire-room floor. It is desirable to 
have a number of coincident records of coal and water through- 
out the trial, so that in case of accident it may be held to have 
ended at one of such times. The uniformity of the operations 
may also be tested in this way from time to time. For this rea- 
son it will be found convenient to fire from a wheelbarrow set on 
a scale and to have a float or water-guage connected with the 
tank from which the water is pumped; by which means the coal 
and water used may, in an evident way, be ascertained for any 
desired interval. 

As to calorimeter tests, note from the special article on that 


a 
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subject (Appendix XVIL.), that the results are liable to be untrust- 
worthy simply from an improper connection to the boiler. Seales 
and thermometers vers finely craduat d are desirable, but if they 
cannot be procured, good instruments with medium graduations 
carefully standardized may be employed, when if the observer 
will take the precaution mentioned in the appended article of the 
writer on calorimeter experiments, and simply make each record 
according to his best judgment at the time, the average of the 
results will be substantially accurate, although the several experi- 
ments may disagree somewhat with each other, | 
Cc. E. E. 
IV. WEIGHING THE COAL. ve @ od 
- 

Where practicable, a box consisting of sides, back and bottom, 
capable of holding 500 pounds of coal for each boiler having 
twenty-five square feet fire-grate area, and in proportion for larger 
erates, should be placed on scales conveniently located for shovel- 
ing from it upon the fire grate. 

The exact time of weighing each charge of say 500 pounds, 
should be noted and the net weight, whatever it be, set down. 
The box should be balanced by a fixed counterpoise, so that the 
readings of the scale beam may be net pounds of coal. 

On the instant of closing the fire door after each firing, the 
weight should be taken and the exact time noted as well as the 
weight. The box should be completely emptied each time, and 
the accuracy of the counterpolse observed, and, if necessary, ad- 
justed. The differences of weight at each tiring will give the 
several quantities fired ; the differences of time will give the intervals 
in minutes and seconds between successive firings; and the dif- 
ferences of time between the successive charges DVO pounds, 
more or less—on the scales, will afford a cheek on the record of 
the firing. A chart or diagram should be plotted from the figures, 
which will clearly show the degree of regularity with which firing 
has been carried on, and reveal any omission or error. J.C. H. 


VV. WEIGHING THE COAL. 


I would recommend that on a test no coal be brought into the 
furnace room except as follows :— 

A barrow to be employed, and be loaded each time at the coal 
pile with an equal amount, say 600 Ibs. of coal, weighed on plat- 


form seales at the pile. The time when it is thus wheeled into 
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the furnace-room to be noted. The barrow to be wheeled upon 
another platform scale before the furnace for the following 
purpose 

[nu separate columns, the times of charging the furnace to be 
noted, and the reading of the scales after each charging. The 


coal to be shoveled from the barrow directly into the furnace. 

Now here the log would show at once, by the great inequality 
of the intervals, if a barrow-load of coal had been added or omit- 
ted, and the weights charged on the fire would check the barrow- 
loads, and should also show the rate of firing. 

No other coal being convenient to the furnace, reasonable 
watching will give assurance that none is surreptitious!y added to 
the fire. 


VI. WEIGHING THE WATER. _ 


The best way is to have two tanks capable of holding 1,200 to 
1,800 pounds-—say 20 to 80 cubie feet, or two weighing tanks 
and one feeding tank, 144 to 216 gallons, each placed on a pair of 
seales, to be filled and emptied alternately. To avoid suspicion of 
leakage of stop-c wks, it is better to draw out the water ly a flexible 
pipe or suction hose put alternately into the two tanks. The time 
of each weighing of each tank, to be designated as tank No. 1 and 
tank No. Ze should be accurately noted, and ray method of checking 
the weighings by a diagram or chart as in respect to the coal, 
should be adopted. J. C. H. 


VII. MEASURING THE FEED WATER. 


IT would recommend that on all tests of any magnitude the 
water be fed to the boilers from a single tank of known capacity. 
That the tank be always filled so as to overflow, while the feed 
pump is stopped, and also the communication to it is closed. 

That the inlet pipe shall terminate above the tank so that its 
orifice is always visible. That after the supply has been shut off, 


and the overflow has ceased, the communicat on to the feed pump 
be opened and the pump be started. That the water be drawn 
down to a point that is determined by a line on a graduated rod 
attached to a float that has been well painted so as not to absorl 


the water; and that then the pump be stopped, communication 
with it be closed, and the tank be refilled. 
The time of starting the pump each time to be carefully noted. 
The regularity of the intervals would leave no roem for doubt 


as to the number of tanks that had been emptied. The wateh of 
opposite interests would insure the accuracy of the line at which 


the pump is stopped each time, and at which the test was closed. 
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VIII. KEEPING TIME OF OBSERVATIONS. 


All time-keepers should be set at the start, and compared at the 
close: a gong should be used to give it signal for all observations 
designed to be synchronous and isochronous, in order that such 
observations may be conveniently arranged. J.C. H. 


IX. RECORDING STEAM GAUGE. 


A good recording steam gauge, Edson’s or other, carefully ad- 
justed, should be used and accurately compared with the steam 
gauge at stated intervals. Such an automatic record, nicely in- 


tegrated, is a good check on the record of the steam gauges, 


' 
X. AIR THERMOMETER. 


The gir thermometer is the best instrument for taking the tem 
perature of flues, smoke boxes, ete., from 300° to 700° or 750° F. 
These instruments cost but a trifle, $8 to $5,and ean be made 
anywhere, by any competent expert, or by any one of his assist- 
ants under his direction, and ean be relied on from ordinary tem- 
peratures, say 60° to 90°, up to any temperature which glass will 
bear without deformation. Ordinary machine-divided paper seales 
be used with them. The great point is to deprive the interior 
of the bulb and tube of all moisture, and to fill the bulb and the 
upper half of the leg of the inverted syphon connected with the 
bulb, with dry air, (Appendix XT). The expansion of dry air 
is practically uniform for all useful ranges of temperature, and 


ean 


its volume is direetly proportioned to its temperature from 
absolute zero, say 461.2) F. below zero F., equal to 493.2° FP. 
below the temperature of melting ice, to which the conventional 
zero of the air thermometer, at the accurately observed and 
roted temperature of the air when the mereury in the two legs 
of the inverted syphon is exactly level—the tubes being exactly 
vertical—can be conveniently referred. For instance, if the 
temperature of the air when the mereury in the two legs is level, 
he 73.8 F., add to this 461.2°, and we have 541.0° F. absolute, _— 
as the true absolute temperature corresponding to our zero. | 
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To double this temperature—1(82° F. absolute (equal to 1082 

461.2° = 620.8° F. above zero F.), would double the volume of the 
air; but the volume being nearly constant—sinee the capacity of 
the tube may generally be disregarded, a difference of level will 
be produced in the height of the mercury in the two legs of the 
inverted syphon exactly equal tothe height of the mereury column 
in a mercurial barometer at the time. No correction for capillar- 


ity is required, since the negative eapillarity is equal in the two 
legs. No correction for temperature is required, unless the tem- 
perature of the mercury in the air thermometer is higher than 
that of the mercury lumn of the barometer. If there is an ob- 
servable difference, it must be corrected for, at the rate of 0.0001 
per degree F. 

There should be at least two of these air thermometers, three 
would be safer, in readiness for each test, to avoid disappointment 
by accident. The legs of the inverted syphon must be vertices, 
but the tube from the upper end of the leg to the bulb may be 
straight, or bent to any angle. 

For the determination of the heat of flue gases, this instrument 
is indispensable, up to the limit of the softening of glass; but 
since no flue will always, or even usually, contain volumés of gas 
of equal temperature throughout at the same instant, at least two 
tubes of gas-pipe, welded up at the lower end, and filled with 
mercury, should be placed in opposite sides of the flue, near the 
air thermometer, for observing the differences with chemical ther- 
mometers graduated on the glass. Sir Wm. Thompson highly 
commends thermometers incased in hermetically sealed glass 
tubes, with scales graduated on paper for use up to a point below 
the temperature required to scorch the paper. Dampness being 
excluded by the glass case, the paper seales are of unchangeable 
length, and the graduations and figures are very distinet and 


legible. 


XI. DESCRIPTION OF AN AIR THERMOMETER OF CONSTANT VOLUME 
| (AFTER REGNAULT), AND OF THE MODE OF CONSTRUCTING AN} 
USING THE SAME. 


This instrument may be made in many forms, and of materials 
of several kinds—metals, or glass, or metal and glass. A simple, 
inexpensive, and convenient form * consists of a U tube of about 


* Constructed and brought to my notice by Mr. Fred W. Prentiss. Originally 
devised by Regnault.—J. C. H. 
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three-eighths of an inch external diameter (Fig. 87) 
and about one-sixteenth of an inch calibre, or a 
little less ; having a short leg about 39 inches long, 
and the other leg longer by 12 inches or more ; the 
latter surmounted by a bulb blown out of the tube, 
18 inches in diameter, 63 inches in extreme length, 
and 5 inches long in its straight, ey lindrical por- 
tion. 

The two legs, or branches, of the U, are 2 inches 
apart between centers. 

They are separate tubes, each one bent to aright 
angle, by a curve of short radius, ground square 
and true at the ends which are to meet, and her- 
inetically united by a short coupling of rubber 
tubing, firmly bound on each with wire. 

In blowing the bulb, a small, short tube, about 
}, inch in ealibre and 2 or three inches long, is 
formed on top for use in making the instrument— 
to be sealed by fusion when it is done. 

Having formed the Utube by uniting its 
branches, the next thing to be done is to dessicate 
its interior perfectly and to fill it with dry air. For 
this purpose it is put in any covenient position—re- 
clining, probably—a piece of rubber tubing is se- 
cured to the small tube on top of the bulb and 
connected with a U tube about 6 inches long in its 
branches, and 2 inch or } inch in diameter, filled 
with dry lumps of chloride of calcium and sur- 
rounded by crushed ice, to lower its temperature, 
and the temperature of the air passing through it 


wie iy 


ar 


to about 82° F., at which point air parts with a = 


larger portion of its moisture than at any higher 
temperature. 

An aspirator is now connected by a piece of rub- 
ber tube with the open end at the short branch of 
the instrument, and a stream of air is drawn in 
through the chloride of calcium tube and dis- 
charged by the aspirator. 

A simple and efficient form of aspirator is merely 
apiece of }-inch gas-pipe, bent, when hot, into 
three or four sharp zigzags, with an inlet at its 
upper extremity for water, and at its side for air. 
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A stream of water flowing through the zigzag tube draws air in 
at the side orifice, and the air becoming entangled with the water, 
flows off with it, its place being supplied through the chloride 
of calcium tube and the U tube of the thermometer. This opera- 
tion can be carried out conveniently in any office or other room 
supplied with a flow of water and a set wash-basin; and once ar- 
ranged, requires only so much attention as to see that it remains 
undisturbed. 

When the tube is completely dessicated (in so far as air at 32- 
I. will give up its moisture to chloride of caleium), which will be 
in about four or five hours, shut off the water, bend over the rub- 
ber tube connecting the ealeium-chloride tube with the bulb, or, 
another rubber tube connected with the outer branch of the cal- 
cium-chloride tube, so as to prevent any mixture of moist air with 
the dry air in the bulb and U tube, and lay the instrument on its 
side in such a manner that the longer branch shall slope from the 
bulb down to the rubber coupling, and that the shorter branch 
shall also slope from the rubber coupling down to the extremity 
of this branch, which should be kept closed by the finger until it 
is immersed in mercury, to prevent the admixture of moist air. 
If the mercury is in a wide, shallow dish, like a plate or a saucer, 


the sloping end of the branch may be immersed in it sufficiently ; 


or a short piece of glass tube coupled on in adecnce, when prepa- 
rations were made for the dessicating process, may be held down 
in the mereury. Then apply the lips to the ealcium-chloride tube 
or to the rubber tube connected therewith, and, by inspiration of 
breath, draw out air from the bulb until the mercury, forced into 
the shorter branch, fills it, and shows just beyond the rubber eoup- 
ling in the lower end of the long branch. Then pinch the rubber 
tube, set the instrument upright (keeping the open end of the 
shorter branch closed with the finger until it is upright). See that 
the branch tubes are exactly vertical ; carefully relieve the pinched 
rubber tube, so that air may eseape, until the surface of the mer- 
eury in the two branches is exactly level; then pinch the rubber 
tube and fuse and seal the small glass tube into a little button on 
top of the bulb. Now hang up an accurate chemical thermometer, 
graduated on the tube, close beside the bulb, until this thermome- 
ter and the bulb and the dry air inside of it are certain to have 
come to a common temperature, and read and note this tempera- 
ture ; and make a distinct and permanent mark on tne back-board 
of the instrument, at the level of the mercury in the two branches. 


— 
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— This back-board may be 4 or 5 inches wide, } to 2 inch thick, and 
about as long asthe shorter branch, and the tube may be secured 
to it by little staples of annealed iron wires, going around (/. e. 
over) the tube, and through holes in the baek-board ; and twisted 
together atthe back. A bit of soft leather at the staple, between 
the board and the tube, will form a secure bed for the tube, and 
obviate danger of breaking. Such staples are indicated on 
the drawing, at There may be two such staples at the 
bottom, passing over the rubber coupling, to further aid in keep- 
ing the two parts (branches) of the U tube in proper position. At 
the same time that the temperature is noted, note also the height 
of the mereury column of a barometer. On the air thermometer, 
hanging in my office, the notes are : 
“Temperature F. 
Barometer, Hg, 31.03 in.” 


Seales, as indicated on drawing, complete the instrument. For 


these, engine-divided paper scales will answer; and they may be 
graduated to inches and tenths of inches, as [have indicated, or to 
millimeters. 

Since the instrument is to be used chiefly or wholly for tempera- 
tures above any atmospheric temperature at which it may be set, 
the scale on the long leg need not exceed much above, nor that 
on the short leg much below, the level line; but a 4} ineh, or an 
inch may be worth while, if the instrument is set as high as 80° 
I’, for convenience of comparison with ordinary thermometers. 

FOR USING THE INSTRUMENT : Oo 

Let 4, = temperature at which thermometer is set. —_ 
f, = temperature sought from observation, 

+h = difference of level of mercury, when the thermometer was 

set; + when mercury is highest in short leg; — when 

mereury is highest in long leg; 4 = 6, when mereury is 

level at the noted temperature when the thermometer is 
set. 

Let 4, = mereury column of barometer when the thermometer was 
set. 


hb, = mercury column of barometer at the time of observation. 


th, = difference of level of mereury in the two branches when 


observed : 


1 
7 
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If made of good hard glass, this instrument is safe at 800° F., 
say 4263° C., and will not be very likely to fail at under 850° F,, 
say 4543 C. 

The part of the tube below the bulb //, may be of any con- 
venient length, and may be bent as at /, to any angle to suit 
requirements of location. J.C. H. 


XII, PYROMETER. 


So far as known to me the only way to measure temperatures 
between 600° or 700° F.,or above the range of the air thermom- 
eter, and 2500° or 2700° F., or up to the melting point of com- 
mercial platinum, is by the platinum water pyrometer. 

One form of this pyrometer is described in the journal of the 
Franklin Institute, Vol. 84, pp. 169 and 252, September and Octo- 
ber, 1882. oh: J. C. H. 

XIII. PYROMETER. 

The temperati 
not by pyrometers, but by means of certified mercury thermom- 
eters introduced at a number of different points in the same plane 
transverse to the flue. The velocity of the current should be as- 
certained at each of these points. The distance of the transverse 
plane of observation from the boiler should be noted. 

XIV. DRAUGHT GAUGE. 


Some instruments for indicating the force of chimney draught : 
A bent glass tube filled with water. 
A bent tube with two fluids. pod 


An ineased aneroid. ot 


. A differential pressure gauge. 
The incased aneroid, having inches of mercury indicated by 
spaces of about two inches, divided to ,},,, answers well. The case 
is air tight, and by means of a three-way cock the interior of the 
ease may be put alternately in communication witl the external 
air and with any flue into which a suitable pipe is inserted. 

The differential pressure gauge was devised and put to use at 
the Massachusetts Institute of Technology, and similar instruments 
should be manufactured for sale. I will not attempt to describe 
it further than to say that a column of water in a glass tube, act- 
ing on a small diaphragm, balances the weight of the movable 
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parts when a large diaphragm is in equilibrium of pressure. Now — 
‘if this large diaphragm have chimney pressure on the inner side, 
and atmospheric pressure on the outside, the difference of pressure 
will be shown by a rise of water in the glass tube to a height pro- 
portioned to the ratio of the areas of the small and large dia-— 
phragm. 


Draught should be measured in different parts of the flue, in— 
order to detect infiltration of air through cracks in the brick-work _ 
and threugh the brick-work itself. J.C. H. 


XV. DRAUGHT GAUGE. 


Mr. C. P. Higgins, of Philadelphia, has recently made the draught 
gauge shown in the sketch (Fig. 88). The gauge is filled ith 
water above the level of the horizontal 
tube, so as to leave a bubble of air about 


half an inch long near one end of the 


horizontal tube when the water is level ) 


in the side tubes. The inside diameter 
of the two vertical tubes being the same, Fig.88. 


say half an inch, and the diameter of the horizontal tube one- 


eighth of an inch, a draft equal to one inch of water, or which will 
cause the difference in the level of the two tubes to be one inch, 
will cause the bubble to move eight inches in the horizontal tube. 
The readings of the ordinary U tube draught gauge are thus 
multiplied by 8, with the additional advantage that the position of 
the air bubble can be read more accurately than the difference of 
level in the ordinary gauge. The scale applied to the horizontal 
tube requires to be standardized for the ratio of areas of the small 
and large tubes and for irregularities in the calibre of tubes. 
Very great diversities in the composition of flue gases often 
exist in the same flue at the same time. To obtain a fair sample, 
it has been found sufficient to have one orifice to draw off gases. 
through for each 25 sq. inches of cross section of flue. The pipes | 
must be of equal diameter and of equal length. } in. gas-pipes, 
all alike at the ends, and of equal lengths, answer well. Similar 
steel tubes will be still better.* 


XVI. SAMPLING FLUE GASES. 


These should be secured in a box 
or block of galvanized sheet iron, equal in thickness to one course | 


* Because smoother and more uniform. 7 


| 
| 
| 
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of brick, in such a manner that the open ends may be evenly dis- 
tributed over the area of the flue of (Pig. 577), and their other 
open ends inclosed in the receiver 7. Tf the flue gases be drawn 
off from the receiver 2 by four tubes, CC, into a mixing box, //, 


beneath, about 3 inch eube,a good mixture can be obtained. 


Two such “samplers,” one above the other a foot apart, in the 
same flue, will furnish samples of gases which show by analysis 


the same composition. 
XVII. CALORIMETER EXPERIMENTS. 


Tn all boiler experiments it is important to ascertain the quality 
of the steam, 7. ¢., Ist, whether the steam is “saturated” or con- 
tains the quantity of heat due to the pressure according to stand- 
ard experiments ; 2d, whether the quantity of heat is deficient, so 
that the steam is wet; and 3d, whether the heat is in excess ani 
the steam superheated. The best method of ascertaining the 
quality of the steam is undoubtedly that employed by a committee 
which tested the boilers at the American Institute Exhibition of 
1871-2, of which Professor Thurston was chairman ; but this plan 
cannot always be adopted. When all the steam generated is not 


a 


— 
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— condensed, the method of making the connection for the purpose 
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Unless 
great care be exercised, the results will frequently show that the 


of taking out a sample is of the utmost importance. 


steam is superheated when the boiler has no superheating surface. 
The cause of this is pointed out at p. 82 of the writer’s general 
report on the exhibits referred to the Judyves of Group XX., Cen- 7 
tennial Exhibition. It is not fair to take the steam direct from the 
boiler, for if there be no steam circulation at that point the steam 
will of course show dry. The samples should be taken from the 


main steam pipe, but not from the bottom, as this would take all the 
water draining to that point. 


The method of taking it through : 
perforated pipe crossing the main steam pipe is sure to cause diffi- 
culty whenever the velocity of steam flowing to the calorimeter i 


sufficient to reduce the pressure in the supply pipe, for in such 
case the temperature of the steam in that pipe falls at the inlet, and 
the steam of full pressure and higher temperature flowing through 
the main pipe adds heat to that flowing into the calorimeter pipe, 
so that the latter, when referred to the pressure from which it is 
derived, shows superheating. The same effect takes place In at less 
degree when the steam for the calorimeter is taken through a 
lateral opening of small diameter, the metal surrounding the open- 
ing being ke }warm by the, current passing through the main pipe, 
and imparting its heat to the steam flowing in the lateral pipe to 
the calorimeter. ‘To avoid this difficulty the Writer recommends 
making the lateral opening leading to the calorimeter 1} to 2 


inches in diameter, and then at a little distance from the main 
pipe, say 1 foot, reducing the supply pipe to calorimeter to j or } 
inch diamefer. 

For general use the writer prefers the ordinary barrel calorime- 
ter, which has the advantage over a continuous calorimeter 
operating at a slow rate of flow, that with the latter the con- 
densation in the connecting pipes may cause the small quan- 
tity of steam flowing to the calorimeter to be moist, and 
thereby vitiate the results. With the barrel calorimeter it is de- 
sirable to heat the water promptly, so that the question of con- 


densation in connecting pipes is of minor importance. At the 


| same time the quantity of steam drawn off should not be so great, 
7 in connection with that passing to other points, as to cause the 
boiler to foam, or to reduce the pressure. 

f The practice of the writer is to use a barrel, holding preferably 
: 400 lbs. of water, which is set upon a platform scale, and pro- 


19 
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vided with a cock or valve for allowing the water to flow to waste. 
[ have always provided a small propeller made with blades sim 
ply cut out of a dise of sheet iron, twisted to give the pitch and 
bolted on to the bottom of a vertical rod supported in a wooden 
step in the bottom of the barrel, and passing through a cross 
plece on the top of the barrel. The rod terminates at the top in 
a crank, and a collar is placed on the vertical shaft under the 
upper support. A fixed thermometer is run through a cork in the 
bunghole of the barrel. The pipe conducting the steam from the 
main steam pipe is made of graduated sizes, as previously referred 
to, and the smaller pipe provided near the calorimeter with a 
valve connected by means of a coupling with a rubber hose. Tn 
the coupling is to be placed a dise of metal, provided with a regu- 
lating hole of from ,. to } inch in diameter. 

To operate the calorimeter the barrel is filled with water, the 
weight and temperature ascertained, steam blown through the 
hose outside the barrel until the pipe is thoroughly warmed, when 
the hose is suddenly thrust in the water, and the propeller oper- 
ated until the temperature of the water is increased to the desired 
point, say abont 110° usually. The hose is then withdrawn quickly, 
the temperature noted, and the weight again taken. The object 
of the particular details adopted will be readily un@prstood. ‘The 
simple propeller insures a uniform heating of the whole of the 
water. The little dise in the supply pipe enables the stop valve 
in pipe from boiler to be opened wide without drawing off so large 
a quantity of steam as to lower the pressure or produce priming. 
To avoid the jar when the steam hose is in the water, it is better 
to cut some lateral holes in the hose near its lower end. In this 
way a circulation is induced through the holes which prevents 
most of the jar and noise. 

The weight of water in calorimeter should be increased propor 
tionally to the weight and specific heat of all metal exposed te 
changes of temperature with the water. An addition of one-ninth 
of the weight of the propeller and submerged portion of shuait 
and fastenings will be substantially correct if the apparatus be 
made of iron. 

The importance of errors of measurement or observation are 
inversely proportional to the magnitudes of the quantities. The 


weight of water added by condensation of steam being compara- 


tively small, it must be weighed accurately, say within a quarter 
of one per cent. The writer has done this on an ordinary plat- 


form-seale in good order by using a second movable poise, in 
addition to the customary one, and of one-tenth its weight. In 
weighing, the lighter poise is adjusted to bring the free end of the 
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beam to a fixed mark, The same result may be obtained by load- 
ings the platform with small known weights to bring the lever to a 
fixed point each time, and deducting such weights from the read- 
ing of seale in regular notches. 
Phe above must be considered a makeshift, but a valuable one. 
possible, delicate scales should be employed, and, in the 
opinion of the writer, better satisfaction can be obtained in this 
direction than by the use of the more complicated apparatus re- 
quired to weigh the water of condensation separately. 
In making the ealeulations the following notation and formula 
prepared by the writer for the report of the Comittee having in 
charge the testing of the boilers of the Centennial Exhibition will 


be found convenient: 


Let Wo original weight of water in calorimeter. 


Let w = welght of water added by heating with steam. 


Let 7 total heat in water due to the temperature of steam 


at observed pressure, 
Let - total heat of steam at observed pressure. 
Lat latent heat of steam at observed pressure = (// — 7). 
Let total heat of water corresponding to initial te mpera- 
ture of water in calorimeter. 
total heat in water corresponding to final tempera- 
ture of water in calorimeier. 
( = quality of steam. 


Then 
W 


io 
Then when Q < 1, percentage of moisture in steam = 100 
l— Q). 
When Y > 1, number of degrees steam is superheated = 2.0833 


The later practice of the writer when there are a large number 
of caleulations to be made is as follows : 


Add to above notation the following : 
Let m = percentage of moisture in steam. 


Let s» = number of degrees steam is superheated. 
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= number of heat units lacking per pound of steam eon- 
densed. Equals quantity in parenthesis, Equa- 
tion (2). 
Let > = sign of summation. To be read: Sum of values of— 
Let x = number of experiments to be averaged. 


A, 


Averaging several experiments 


XVIII. NOTE ON USE OF THE BARREL CALORIMETER. 


In the use of the barrel calorimeter not less than 300 Ibs. of 
water should be used, and it is an advantage, when practicable, to 
cool the water by means of pulverized ice. By vigorous agitation 
the water may thus be cooled to 36° F.. or even 34° F., in a few 
minutes, when the remaining ice isto be completely removed. As — 
the ice floats on the surface, this can be readily done. The 
weight of steam condensed can thus be often doubled, and still 
the temperature of the water not be raised above 100° F., at 
which point no sensible loss of heat will be suffered through 
evaporation. The greater the weight of steam condensed, the 
less will be the unavoidable percentage of error. 
If the barrel be covered with a non-conductor, it will be found 
that no sensible change in the temperature of the water will take — 
place in a long time. 
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EFFECT OF SMALL ERRORS OF OBSERVATION IN CALORIMETER 


TESTS, 


XIX. 


Suppose a case in which errors of observation oecur, as in the 
following table 


| TRUE AMOUNT 
READING. READING. OF ERROR. | 


Weight of condensed steam, 9.9 “ 10.0 ** 
Pressure of steam by gauge, P.................. 78. ‘| 80 “ 2 pounds. 

Original temperature of ‘condensing water, ¢.... 44.5 45 4 


The formula for ealeulation is 


l W 


—in which Y = quality of the steam, dry saturated steam being 
unity. 
H = total heat of steam at observed pressure. 


* condensing water, original, 
“ * final. 


Substituting in the formula the “true 


Moisture Error 
readings ” in the table, we have per cent. per ceut. 
for Walue Ol... .. << = 0.9874 = 1.26 0. 

All readings true except W = 200.5, @ 9906 = 0.94 = 0.32 
w= 9.9, =1.26 
P= 78., Q= .9880= 1.20 0.06 
445, Q= .9989=0.11 1.15 
= 100.5, Q= .9994=0.06 =1.20 
(J = 1.0272 = (minus) = 3.98 
The last case, Y = 1.0272, is equivalent to 50.2 degrees super- 

heating. 


The errors above voted are all such as may easily oceur even 
with good apparatus. The condensing ‘water being usually 
weighed in a barrel on an ordinary platform scale, an error of } a 
pound could easily be made if the seale were not carefully tested 
and standardized. To make as small an error as ;y of a pound 
in the weight of the condensed steam, when it is weighed in the 


| 
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bulk with the condensing water, taking the difference of readings 


before and after the test, is almost more than ean be expected. 


- The probable error of such a method of weighing the condensed 
steam is usually more than a quarter of a pound. The error in — 
this weight is the most important of all those given in the table, 
showing dry steam, ( = 1.00, instead of 1.26 per cent. moisture, | 
the true result. If the error of the weight of the condensed steam 
were 1 1b., it would be equivalent to an error of 3 per cent. in the — 
-ealeulated moisture in the steam, and consequently of 3 per cent. 
In the total result of the boiler test. The error of steam pressure, 
2 dbs., is well within the limit of error of many steam gauges, but =, 
as seen in the result, it is the least important of all the errors, 
giving 1.20 per cent. moisture instead of 1.26 per cent. The 
errors of a degree in temperature of condensing water are also 
quite important, and show the necessity of having thermometers 
carefully standardized. The effect of an error of weighing the 
condensed steam is so serious, and it is so likely to occur, that in 
the writer’s opinion the method of making tests with a barrel on 
i platform scale, without any special weighing of the condensed 
steam, is so inaccurate that it should be discouraged, or at least 
that the results obtained by it should be considering as having a— 
probable error of 3 per cent. It is questionable whether averag-_ 
ing alarge number of results so obtained will give any greater 
approach to truth, for the errors of weighing in a barrel on a 
coarse platform seale, of the condensed steam together with the | 
— condensing water, due to personal equation, to absorption and 
evaporation of water, to error of sliding or stationary poise, and 
to friction of scale are apt to be, comparatively, constant, and 
- may by no means be expected to balance each other. W. Kk. 


. XX. COIL CALORIMETER. 


The following is a description of a calorimeter, which the writer” 
has found to give fairly good results, but sufficient experiments: 
have not yet been made with it to determine its limit of error. 

A surface condenser is made of light weight copper tubing | 


in diameter and about 50’ in length, coiled into two coils, one in-- 
side of the other, the outer coil 14” and the inner 10” in diameter, 
both coils being 15” high. The lower ends of the coils are con- 
nected by means of a brazed T-coupling to a shorter coil, about 
5! long, of 2" copper tubing, which is placel at the bottom of the 
smaller coil and acts as a receiver to contain the condensed water. 


| 
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The larger coil is brazed to a 3” pipe, which passes upward 


4 

alongside of the outer coil to just above the level of the top of the 
coil and ends in a globe valve, and a short elbow pipe which 
points outward from the coil. The upper ends of the two }” coils 
are brazed together into a T, and connected thereby to a }” vertical 
placed a three-way cock, and above that a brass union ground 
‘steam tight. The upper portion of the union is connected to the 
steam hose, which latter is thoroughly felted down to the union. 
The three-way cock has a piece of pipe a few inches long, attached — 
to its middle outlet and pointing outward from the coil. 

A water barrel, large enough to receive the coil and with some — 
“space to spare, is lined with a cylindrical vessel of galvanized iron. 
The space between the iron and the wood of the barrel is filled 
with hair felt. The iron lining is made to return over the edge 
of the barrel, and is nailed down to the outer edge so as to keep. 
the felt always dry. The barrel is furnished also with a small 
propeller, the shaft of which runs inside of the inner coil when 
the latter is placed in the barrel. The barrel is hung on trunnions 
by a bail by which it may be raised for weighing on a steelvard 
“supported on a tripod and lifting lever. The steelvard for weigh- 
ing the barrel is graduated to tenths of a pound, and a smaller 
steelyard is used for weighing the coil, which is graduated to 
hundredths of a pound. 


globe valves of the coil and just below the level of the three-way 
cock, the propeller being inserted and its handle connected. The | 
barrel and its contents are carefully weighed on the large steel- 
yard; the steam hose is connected by means of its union to the 
coil, and the three-way cock turned ,so as to let the steam flow 
through it into the outer air, by which means the hose is thoroughly 
heated ; but no steam is allowed to go into the coil. The water 
in the barrel is now rapidly stirred in reverse directions by the_ 
propeller and its temperature taken. The three-way cock is then | 
quickly turned, so as to stop the steam escaping into the air and 
to turn it into the coil; the thermometer is held in the barrel, and — 
the water stirred until the thermometer indicates from five to ten 
degrees less than the maximum temperature desired. The globe 
valve leading to the coil is then rapidly and tightly closed, the 
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three-way cock turned to let the steam ip the hose escape into the 
air, and the steam entering the hose shut off. During this time | 
the water is being stirred, and the observer carefully notes the 
thermometer until the maximum temperature is reached, which is 
recorded as the tinal temperature of the condensing water. The 
union is then disconnected and the barrel and coil weighed to- 
gether on the large steelyard ; the coil is then withdrawn from the 
barrel and hung up to dry thoroughly on the outside. When dry 
it is weighed on the small scales. If the temperature of the water 
in the barrel is raised to 110° or 120° the coil will dry to constant 
weight in a few minutes. After the weight is taken, both globe 

valves to the coil are opened, the steam hose connected, and all 
of the condensed water blown out of the coil, and steam allowed 
to blow through the coil freely for a few seeonds at full pressure. 
When the coil cools it may be weighed again, and is then ready 
for another test. 

If both steelyards were perfectly accurate, and there were no 
losses by leakage or evaporation, the difference between the orig- 
inal and final weights of the barrel and contents should be exactly 
the same as the difference between the original and final weights 
of the coil. In practice this is rarely found to be the case, since 
there is a slight possible error in each weighing, which is larger 
in the weighing on the large steelyard. In making ealeulations— 
the weights of the coil on the small steelyard should be used, the 
weights on the large steelyard being used merely as a check 
against large errors. 

It is evident that this calorimeter may be used continuously, | 

if desired, instead of intermittently. In this case a continuous 
flow of condensing water into and out of the barrel must be estab-— 
lished, and the temperature of inflow and outflow and of the con 
~densed steam read at short intervals of time, as in Mr. Geo. H. 
Barrus’s calorimeter described below. 
| rn XXI. THE BARRUS CALORIMETER. . 

The Barrus Calorimeter (Fig. 57) is of the continuous type, and 
consists essentially of a small surface condenser. The aecompany- 
ing cut shows its general features. The steam enters by the pipe 

. J, Which is a common half-inch iron steam pipe. The condensing 
surface, a, is a continuation and enlargement of the supply pipe, 
and is an ordinary one-inch iron pipe with a length of 12 inches: 
of exposed surface. This pipe is under the full pressure of steam. 
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‘The condensed water which amounts to about 50 pounds per hour 
under 80 pounds per square inch of steam pressure, collects in 
the lower part of the apparatus, where its level is shown in the 
glass, e, and is drawn off by means of the drip valve, d. The in- 
jection water, previously cooled to a temperature of 40° Fahr., or 
less, enters the wooden vessel, 0, through the valve, 4. Here it 
circulates around the condensing pipe, being carried downward to 


Cold Water 


Condensed 
Water 


Fig.57. 


the bottom by means of the tube, 7, and it overflows at the pipe, ec, 
after passing through the mixing chambers, m. The amount of 
water admitted is regulated so as to secure a temperature atthe over- 
flow of 75° or 80°. or the approximate temperature of the surround-_ 
ing atmosphere. The thermometers, / and g, which are read to — 
tenths of a degree, show the temperature of injection and overflow 
water, and the thermometer, /,shows that of the condensed water. 


— | 
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The overflow watef and the condensed water is in each case col- 
lected in a system of weighing tubs. The steam pipe down to the 
surface of the water, and the pipes embraced in the lower part of 
the apparatus, are covered with hair felt. 

When once in operation, this calorimeter can be worked any 
number of hours desired. By making observations with sufticient 
frequency, accuvate mean readings can be obtained for either a 
long or a short period. There is no wire-drawing of the steam, 
and no allowance to be made for specific heat of the apparatus. 
The only correction to be made that is of material amount is that 
for radiation from the pipes covered with hair felt, and this can be 
accurately determined in each particular case by an independent 
radiation experiment, made when the condenser vessel is empty. 

Below are the approximate data and results of an experiment 
under 80 Ibs.: 
~ Condensed water, 50 Ibs. per hour. 

Injection water, 1,100 Ibs. per hour. 
Injection water heated from 35° to 75°= 40°. 


Temperature condensed water, 300°. 

Condensed by radiation from steam pipe, 1 lb. per hour. 
Tot: OO xk 40 
Total Heat x 300° = 898° + 300: 198°. 


@ 
XXIT. REPORTING THE RESULTS. 


As to reporting the results of boiler tests—two things are neces- 
sary, in order to make the reports, (7,) generally intelligible, and, 
(},) strictly comparable. 

1. The number of pounds of water actually evaporated under 
stated (actual) conditions of feed-water temperature and steam- 


gauge pressure, Into steam containing not over three per cent. of 


entrained water, by each pound of coal burned—coal of good 
mereantile quality, dry; water dried out of a sample and allowed 
for, or, containing not over one-half per cent. of surface moisture, 
by actual experiment of drying samples. In this latter case, the oue- 
half per cent. of water in the coal, like the three per cent. of en- 
trained water in the steam, and the stated quantity of ashes and 
refuse in the coal, are taken in for the sake of representing usual 
conditions. So much for general intelligibility. 

2. Theequivalent evaporation in pounds of water of ¢ = 212 I. 
converted into dry saturated steam of one atmosphere pressure, 


7 | 
| 
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760 29.99 in. mereury,—with one pound of dry combusti- 
ble consumed. This for comparability. 


It is obvious, if attention be given to the subject—too often 
neglected—that all the surface water in the coal. if not ascertained 
and allowed for, will appear as combustible and disappear as water 
evaporated, 

lor example, two per cent. of water in the coal. passing over the 
bridge wall and going up chimney, leaving no weight to represent 
it in the “ ashes and residue,” will increase the item of ** combus- 
tible ” by two per cent. of the gross weight of the coal; andif ashes — 
and residue = 4 of the gross weight, the addition will be 2¢ x 
2.47. At the same time, about two-ninths of one per cent. of the 
water evaporated will escape observation, going up chimney un- 
noticed. 

There should also be introduced into general practice an 
equivalent statement. of 

3. The equivalent evaporation in pounds of water from feed- 
water temperature = 100° F. into usual steam containing not 
over three per cent. entrained water of seventy pounds per 
square inch pressure by steam gauge above 1 atmosphere = 760 
mm. = 29.92 inches mercury—for each pound of commercial eoal 
containing not over one-sixth ashes and residue including surface 
water; one pound of such commercial coal being capable of im- 
parting to the water, in a boiler of good proportions, about 10,000 
British thermal units. 


J. C. H. 


XXIII. REPORTING THE TEST. 


The report should include a complete description of the boiler, 
which, for special boilers, should be written ont at length, but 
generally can conveniently be presented in tabular form substan- 
tially as follows : 

Type of boiler. 

Diameter of shell. 

Length of shell. 

Number of tubes. 

Diameter “  “ 
Length 


Diameter of steam drum. 


Width of furnace. 
Length of furnace. 
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Kind of grate bars. 

q Width of air spaces. 
Ratio of area of grate to area of air spaces. 
Area of chimney. 
Height of chimney. 
— Length of flues connecting to chimney. 
Area 
> 
GOVERNING ?ROPORTIONS. 
Grate surface. 

Water, 
Heating surface ~ Steam. 

Total. 
Area of draught through or between tubes. 
Ratio grate to heating surface. : 


* draught area to grate 


bs 
* total heating surface, 


Water space. 


Steam space. 


Ratio grate to water space. 
“steam space. 


XXIV. OBSERVATION BLANKS. 


The observations taken during a test should be reeorded on a 
series of blanks prepared in advance so as to be adapted to thu 
purposes of the trial. The number of sheets and the particular 
items on each may be varied to suit the number of observers and 
the work designated for each. The following are copies of ob- 
servation blanks used in the Centennial trials with a few lines of 
figures inserted, without reference to each other, for the purposes 
of illustration. The columns should of course be of sufticent 
length to contain the number of observations expected. 


| 
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LOG OF TRIAL OF BOILER. 
NO. 1.—RECORD OF FEED-WATER. 
6 


TANK A. TANK B, 


Initial Final Tempera Initial Final Tempera- 
Weight Weight. | ture Weight. Weight. ture. 


Deg. Fah. 


1445.5 316 
Deduct 56.25 pounds of feed-water for difference of level in boiler, 
4 


LOG OF TRIAL OF BOILER 7 


, 9 —GENERAL OBSERVATIONS—COAL AND ASHES. 
12 13 14 «15 16 18 19 


TEMPERATURES. 


(Fahrenheit. CoaL AND ASHES. 


UPTAKE, 


| 


Coal Weighed out 
on Floor, 


STEAM PRESSURE. 
Coal Consumed, 
Weight of Ashes, 


Fire-Room. 


a.m. | 
10.00 
10.20 
« 
4 


or WATER 
IN GLASS. 


BAROMETER, 


Ins. 


Ins. 


or WATER IN 
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4 
1 2 | 7 8 
= 
Jirs. Min Lbs. Lbs. | Deg Fah. Lbs. Lbs 
i 
6.19 1412.5 136 | 63 : 
| 
6.40 1421 5 169.5 63.5 6 
7.05 1447 131.5 68 
7.28 7 
8.00 | 5 
| 
» |w 
— 
Tine. ; 
86s! 
Lbs. | Lbs. || Ins. 
578 304.530.20 10 
| 
lim 70 80 | 309 |....| 446 [229.5299 | ... | 
11.80 | 70 | 55 | 80 | 299 |....| 492 10 
} | | | 
12.00 7 | .. | 80 208 444 
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LOG OF TRIAL OF BOILER 


NO. 3.—RECORD OF CALORIMETER EXPERIMENTS. 


WATER TEMPERATURES. 
(Fahreuheit.) 


STEAM 
Weight Initial Final 
of Gross Gross Initial Final. 
sarrel, Weight. Weight. 


XXV. HORSE POWER. 


The writer’s preference for rating boilers in horse power is : 

Capacity to evaporate into dry steam, (.¢., not containing over 
three per cent. of entrained water, and the water actually entrained 
allowed for and deducted 

1. 34} pounds of water from and at 212°, equal to 

2. 30 pounds of water of = 1.0 under p = 70 pounds per 
square inch above one atmosphere ; with easy firing, moderate 
draught, and ordinary fuel, implying good economy, and capability 
of fifty per cent. increase to meet emergencies. 

As to the last condition, “ capability of fifty per cent. increase 
to meet emergencies : 

It must be obvious that a boiler which, under most favorable 
conditions of fuel, draught, firing, and everything else, just capabic 
of evaporating into dry steam 3,450 pounds of water from 212 
into the atmosphere, with open safety valve—or, what comes to the 
same thing, 3,000 pounds from ¢=100° to p=70+ atm. could not be 


302 
22 | 23 24 25 | 26 27 28 
*: Hrs. Min. Lbs. Lbs, Lbs. Deg. Deg Lbs 7 
aw. 
5.35 80.5 400 412.5 43.5 106.125 70 —66 
5.55 80.5 400 113.375 68.25 110.50 710 —€7 
6.15 80.5 400 411.875 72.50 111 | 70 —68.5 
6.35 80.5 400 417.25 66 122 | 70 
6.55 80.5 100 415.125 | 67.5 114.25 | 70 —64 
| | 
. 7.15 80.5 400 416 24.5 122.25 | 70 —66 
7.83 80.5 400 111.75 74.5 118.75 | 69 —70 
7.55 80.5 400 113.25 72.5 115.25 70 —65 
8.15 80.5 400 113.25 ‘1 112.75 70 —62 
| 
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called a 100 horse-power boiler with any propriety. Good ordinary 
practical conditions should do that, with satisfactory economy ; 
and then fifty per cent. more should be obtainable to meet a sud- 
den call, or to supply a brief deficiency. J.C. H. 


XXVI. STEAM UNITS. 


All measurements of the quantity of heat are 


based on the 


thermal wait, which, for British measures, equals the quantity of 
| b 


heat required to raise the temperature of one pound of pure water 
at or near its freezing-point one degree Fahr.* 

The unit commonly used to express the evaporative power of 
the fuel is the quantity of heat required to evaporate one pound 
of water at a temperature of 212° under the ordinary pressure of 
the atmosphere corresponding to that temperature. This was 
called by Rankine a * peculiar thermal unit,” and its value given 
at 966.1 British thermal units, but has since been ealled the 
nit of ¢ vaporation,” which term is adopted in the fe regolng gen- 
eral report of the committee. Its value, however, in the promi- 
nent American tables is given at 965.7 thermal units. 

The mechanical equivalent of a thermal unit equals very nearly 
772 foot-pounds of work, but the power that can be utilized prac- 
tically per unit of heat depends on so many conditions that a uni- 
versal standard of work or power (the rate of work) based on heat 
units, is impossible. Compound engines operated with high 
steam slightly superheated, require a little over 14 pounds of feed- 
water evaporated per honr, while there are still in use poor en- 
gines, ill-proportioned steam pumps, and the like, that require over 
60 pounds, or say one cubic foot of water per hour, which was 
considered as about equivalent to a horse-power of steam in the 
days of Watt. It has of late years, however, been well accepted 
that 30 pounds of feed-water per hour is a fair standard of horse- 
power for average ood high-pressure engines, such as are used 
for manufacturing purposes. Bearing in mind that this quantity 
of steam must be furnished by the boiler under actual conditions, 
the writer, in preparing the report of the committee of the judges 
of Group XX. appointed to test the boilers at the Centennial Ex- 
hibition, suggested to his associates, Messrs. Chas. T. Porter and 
Joseph Belknap, that the value of the “ commercial horse-power of 
a boiler be fixed at 30 pounds of water evaporated at 70 pounds 


* Compare Rankine on Steam Engine, Art. 2U8 ; Porter on the Richards Indi- 
ca‘or, page 43. 
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gauge-pressure from a temperature of 100°.°* — This standard havy- 
ing been adopted in the foregoing report of the committee of the 
American Society of Mechanical Engineers, may be considered as 
established both by precedent and authority. Itis fixed as equal 
to 34} units of evaporation per hour, and is, for all practical pur- 
poses, equal to 33,533 thermal units per hour, making it conven- 
ient to obtain the horse-power by multiplying the total number of 
thermal units derived from the fuel per hour by 0.00003. — It is 
of interest also to note that a cubic foot of steam at 70 pounds 
gauge-pressure weighs 1-5 of a pound avoirdupois, so that a Com- 
mercial Horse-power on the above basis is also represented by 
150 cubic feet of steam per hour at 70 pounds pressure. 

In administering the steam supply of the New York Steam 
Company, the writer provided for selling steam at a fixed rate per 
thousand “ Aa/s,” explaining that a“ Au/” meant a pound of 
water evaporated into steam. This term has been in use in that 
business since February, 1853, aud las proved so convenient that 
the writer has suggested that it can possibly be utilized to express 
the unit of the Commercial Horse-power above referred to. On 
this basis a boiler horse-power would equal simply 30 * Kals” per 
hour.+ 

In preparing the general report of the judges of Group XX., 
Centennial Exposition, it was observed that if a boiler supplying 
any kind of pumping machinery be proportioned to utilize 10,000 
heat units per pound of coal consumed (corresponding to an eyap- 
oration of about 9 pounds of water at 70 pounds gauge-pressure 
from a temperature of 100°), the number of foot-pounds of work 
obtained in the engine for each thermal unit would also represent 
the duty, in millions of foot-pounds per 100 pounds of coal.} 
From this it will be seen that the Commercial Horse-power above 
referred to corresponds to a duty of 59.4 millions of pounds lifted 
one foot high witli LOO pounds of coal, which is about the average 
duty of the simpler class of pumping engines, but not of first-class 
engines. Evidently, for the better class of steam machinery of «l! 
kinds, the steam producing capacity of the boiler must be made to 
conform to the actual amount of steam to be used by the engines. 


Any standard of the horse-power of a boiler necessarily relates 


* See report of Committee at page 131 of the report of the Judges of Group \X. 
International Exh., 1876. J. B. Lippincott & Co., Philadelphia. 
+ See “ Estimates for Steam Users,” Vol. V. Transac’ions Am. Soc. Mech. En- 
gineers, page 284. 
t See Report of Judg:s of Group XX., Cent. Exh., pp. 21 and 115. 
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simply to its steam-producing capacity, referred to the arbitrary 
standard of a horse-power above mentioned. 


XXVIII. MEMORANDUM RELATIVE TO A STANDARD METHOD OF TRIAL- 
TEST FOR STEAM-BOILERS. 


The method customarily pursued in the course of the work of 
the Mechanical Laboratory of the Stevens Institute of Technology, 
as instituted by the writer, and that practiced in his own profes- 
sional work, has usually been such as to secure data sufficient to 
enable the observer to fill out all the columns of the Log-blank 
and Table of Performance, copies of which are appended. 

In starting the trial, which is usually of at least ten hours’ dura- 
tion, it is customary, where it can be conveniently done, to get up 
steam with a fire of wood, which is raked out after steam has 
begun to form freely, and the trial commences with the introdue- 
tion of a new fire, in which wood is used to ignite the coal, and is 
charged as a certain percentage of its weight of coal—forty per 
cent. is probably as accurate as need be. The damper should be 
carefully closed during the few minutes required to perform this 
operation. Toward the end of the time fixed for the trial, the 
steam-pressure and height of water are made as nearly identical 
with the same conditions at the beginning as is possible, the fire is 
burned as low as the skill of the fireman and supervising engineer 
will permit, and when the end of the trial is recorded, the tire is 
hauled, the coal and ashes weighed dry, no more water being used 


in cooling them as they are drawn than is absolutely necessary 
for the comfort of the fireman, and never sutticient to leave any 
portion of the mass in the slightest degree damp. 

Where it is impracticable to start with a new fire, and to re- 
move the fire at the end of the trial, it is preferred to begin and 


end the trial with the cleaning hour, the quantity of coal being 
then most easily estimated and identical conditions being thus 
most readily approximated. 

The steam-pressure is read from a gauge which it is intended 
shall always be carefully standardized both before and after the 
trial. The same precaution should be taken with all instruments 
used whenever possible. 

During the trial, all the conditions are kept as nearly uniform as 
is possible, and as exactly those for which the boiler is designed as 


= CEE 


B06 REPORT ON A STANDARD METHOD 


is practicable. The supply of feed-water and of fuel, the pressure’ 
of steam, the frequency of firing or “ stoking” are to be made— 
definitely constant. A continuous feed rather than an intermittent — 
supply of water is much preferred, and the injector is preferred — 
where choice of instrument is permitted. The customary mode of 
-eding is, howeve sr, often best, whatever that may be. Deter- 
minations of the character of the steam made are considered 
essential in every case. The open, or “barrel,” calorimeter of 
Hirn has been generally employed, making the number of obser- 
vations sufficient to give a small margin of probable error. It is 
7 hoped that the relative value of the different forms may after a 
time be so well determined as to permit the acceptance of some 
one as a standard. ‘The intermittent instrument consisting of a 
coil of pipe in a vessel of water and the continuous calorimeter, 
such as was proposed by Van Buren some years ago, and used by | 


and modifications since made by many 

others, are capable of doing good work ; but engineers greatly differ: 

in their estimates of their relative value, and the simplest form is _ 
at present in most general use, probably because of its portability, 
or the ease with which it can be improvised. Could it be done, 
the method of condensing all the steam made, as practiced at the. 
American Institute trials of IS71, would be always adopted, in 

_ preference to the system of * sampling.” 

In the analysis of gases, the apparatus made by Greiner and 
Linke is found convenient when it is considered necessary to make 

In fuel analysis, Monroe’s system of carbon de- 


More complete analy ses are 
-intrusted to a professional chemist, and are made in the chemical 
laboratory. The draught-gauge used is that designed by Mr. 
Allen for the Hartford Steam Boiler Insurance Co. 
General Principles.—In the operation of conducting a trial of 
a steam-boiler, we have, usually, a single, well-understood object 
in view, and the engineer should accustom himself to carefully 
~ define that object in his own mind, and to as carefully describe 
that object in his instructions and regulations for the proposed 
trial. The whole operation can then be carried on with tliat 
: point distinctly in view, and the proposed end can then be accom- 


plished with maximum economy of time and labor, as well as with 


greatest exactness. The observations must be made by the en- 
gineer conducting the trial, or by his assistants, with this object 
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distinetly in mind, and each should have a well-defined part of 
the work assigned him, and should assume responsibility for that 
part, having a distinct understanding in regard to the extent of 
his responsibility, and a good idea of the extent and nature of the 
work done by his colleagues, and the relations of each part to 
hisown. No observations should be permitted to be made by 
unauthorized persons for entrance upon the log; and no duties 
should be permitted to be delegated by one «assistant to 
another, without consultation and distinet understanding with 
the engineer in charge. The aim of the observers is, in all 
cases, to obtain an exact determination of the weight of fuel 
used, its proportion of combustible matter effective in developing 
heat, the exact weight of water evaporated under the known 
conditions of the trial, into steam, the determination of the 
character of that steam, and often the nature of the combustion and 
the composition of the furnace-gases. Each of these distinet ob- 


jects requires the determination of certain well-defined quantities, 
and the observer to whom each set of observations is intrusted 
should, whenever possible, be made sufficiently well aequainted 
with the object to be attained, and the method to be pursued in 
reaching it, to be able to make his own readings with accuracy, 
and to work up the results correctly. Tt is only after he has 
acquired this knowledge that he can be expected to do his work 
without direct supervision, and with satisfactory precision. The 
trial should, wherever possible, be so conducted than any error 
that may oceur in the record may be detected, checked, or, if 
advisable, removed, by some process of mutual verification of re- 
lated observations. It is in this direction that the use of graphi- 
eal methods of reeord and automatic instruments have createst 
value. We should lose no opportunity to introduce both. 


Weighing Fuel.—Several methods of weighing fuel have been 
found very satisfactory, in the writer’s experience ; but he is in- 
clined to make it an essential feature of either that the weights shall 
be made by one observer, and checked by another, at as distant a 
point as is convenient. The weighing of the fuel by one observer, 
at the point of storage, and the record at that point of times of 
delivery, as well as of weights of each lot, and the tallying of the 
number and record of the time of receipt, at the furnace-door, 
will be usually found a safe system. The introduction of un- 
weighed coal, whether by accident, or by design on the part of 
some interested person, can never be too carefully guarded 
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en The failure to record any one weight, which is a not- 
unknown accident, leads to similar error, and can only be cer- 
tainly prevented by an effective method of double observation 
and check. 

Weighing Feed -Water.—The same remarks apply, to a con-- 
siderable extent, to the weighing of the water fed to the boiler. — 
A careful arrangement of weighing apparatus, a double set of ob-— 
servations, where possible, and thus safe cheeks on the figures 
obtained, are essential to certainty of results. With good men iat 
the tank, and with small demand for water, a single tank can be 
used ; but two are preferable, in all Cases, and three should be. 
used if the work demands very large amounts of feed-water, as at 
trials of very large boilers, or of “batteries.” The more uni- 
form the water supply, as well as the more steady the firing, thie 
less the liability to mistake in making the record, 

Character of Steam—lt has been the endeavor of every en- 
gineer conducting trials of boilers, of late, to secure correct deter-- 
minations of the quantity of water entrained with the steam, or o! 
the degree of superheating, where superheating occurs. This is, 
however, a matter of considerable difficulty. It was, so far as the 
writer is aware, first proposed and attempted by Hirn, the distin- 
guished French engineer and physicist, who, many years ago, used 
what is now known as the tank, or barrel, calorimeter tor this 
purpose. A jet of steam from the boiler was led into a tank 
containing a considerable mass of water, and condensation was 


allowed to go on until the water had acquired as high a tempera- 


ture as was convenient. The amount of “ priming” was then 
calculated by a comparison of the amount of heat transferred to 
the barrel, by the weight of steam taken from the boiler, with 
the amount that would be transferred by the same weight of per- 
fectly dry steam. 
This method was in use some years when the continuous calom 
rimeter was proposed by Van Buren. This form was adopted by a 
committee, of which the writer was chairman, in the year 1S75, in 
making tests of “sectional” boilers, the instrument used being 
designed by the late Mr. Theron Skeel, a member of the comnmit- 
tee. The results of its work were satisfactory to the committee. 
The method of testing the character of steam made in boilers 
by this system of sampling seemed somewhat open to doubt in 
respect to its accuracy, when used by Hirn, and, for a long time 
the writer looked for an opportunity to determine with certainty 
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al 


nditions of 
operation, in the common forms of boiler. ‘This was finally offered 


what is the real amount of priming, under ordinary co 


in the vear 1871, when as chairman of a committee on boiler trials 
for the American Institute, it became necessary to arrange for a 
comparison of several competing boilers of, fortunately, widely 
different types and forms. Through the liberality of Mr. J. B. 
Root, and with the earnest co-operation of Mr. Chas. T. Porter 
and others of the then exhibitors. it was rendered possible to con- 
struct a largesurface-condenser, in Which to condense «il the steam 
made by each boiler during its trial. The arrangements were made 
with great care, and conducted under the Writer's own personal 
direction and supervision, by carefully selected observers, and 
with the most cheerful and gratifying co-operation on the part of 
all the competing exhibitors. The result was the determination, 
with the miost satisfactory certainty, of the real amount of total 
priming, as ascertained by observation of the total amount of 
water passing off as steam, and of the total amount of water car- 
ried ont of the boiler unevaporated. Two of the boilers super- 
heated their steam slightly ; the others primed from three to seven 
percent. The main object of the investigation, the determination 
of the question whether sampling steam can give fairly correct 
measures of the character of the mass, was in the writer's opinion 
well settled affirmatively by these experiments. 

As to the best form of calorimeter, the writer is not yet fully 
satistied, and hopes to find a wav of making one that shall be at 
once simple, easily transported, and accurate. He has a strong 
impression that it will be a continuous ealorimeter, but has very 
little doubt that improvements in accessory apparatus now in prog- 
ress may make the Hirn form of instrument. sooner or later, a 
satisfactory one. The best work thus far has been doue probably 
by the intermittent form of eoil condenser, although experience 
with the continuous instrument has been very encouraging. Mr. 
Hoadley has done some beautiful work. and the apparatus de- 
seribed by Mr. Kent gives a means of checking weights which is a 
very useful and almost essential improvement upon that type of 
instrument. 

A steam-boiler trial in which the quality of the steam is not, at 
least approximately determined, cannot be accepted to-day as giv- 
ing any reliable measure of the efficiency of a boiler. 

Near the end of the series of data recorded in the blanks ap- 
pended, are columns intended to include the constants, as derived 
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from the trial, for introduction into the formulas of Rankine for 
efficiency of boiler and of the writer for that of chimney. It was 
the writer’s expectation to be able, in course of time, to aceumnu- 
late such an extensive set of data in this form as would enable 
Rankine’s formula to be adjusted for use in all trials of the usual 
forms of boiler, and with our native fuels. The American fuels, 
and our common boilers, eannot be estimated, in respect to 
efficiency, by the use of that formula, with the degree of exact- 
ness that is desirable. The writer has been accustomed, in mak- 
ing such estimates, as a rule, to adopt a value of the constant 


multiplier less by about ten per cent. than that given by the 


author of the formula. It is hoped that an opportunity, ere 
long, will be afforded to make the comparison here alluded to. 
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DISCUSSION OF THE REPORT ON A STANDARD 
METHOD OF CONDUCTING STEAM BOILER 
TRIALS. 


Presented to the American Society of Mechanical Engineers. 


NoTEe.—The Report of the Committee was formally presented at the New York | 
Meeting of the Society, November, 1884. On account of its thoroughness and 


magnitude it was not discussed at that meeting, but it was ordered that it should | 
ts printed and sent to all the members before the spring meeting, that it might 
~ receive their careful examination. The discussion of that Report being made a— 
special order for the second session of the meeting of May, 1885, the following | 
suggestions were presented. They are printed in direct connection with the 
Report to which they relate, for convenience of reference, although constituting a 
part of the Proceedings of Part I1., and belonging to the XIth Meeting. 

The Society accepted the Report, but for reasons of policy clearly brought out — 
in that part of the Discussion which is printed in a special Appendix, decided not to 
- adopt the Report officially, although the trend of debate was decidedly favorable 
— to it, but voted simply that the discussion be printed in full in the Transactions. 

The discussion was as follows : 


Prof. W. P. Trowbridge—The committee state in their Report — 

very clearly and definitely the objects of a trial or test of a steam — 
boiler, and present a code of rules for such tests which will | 
doubtless meet with general approval. Their recommendations 

_ looking to the establishment of a unit of boiler-power appear to 
me, however, to be wanting in the exactness and precision which 
should characterize the definition of so important a unit; and I beg 
to offer my views on that part of the Report which treats of the 
subject, actuated only by the feeling that before final action by the 
Society is taken, this unit should be considered from all points of 
view, and especially in its commercial bearings and aspects. 

There seems to have been a diversity of opinion in the com- 
mittee as to whether the “unit of boiler power” should be ex- 
pressed in terms of the “unit of evaporation,” or in terms of 
another and different unit of evaporation first introduced and em- 

_ ployed by the judges at the Centennial Exposition: the arguments 
in favor of the latter being that it has already been established by 
authority, that it conforms to general practice, and that it is now 
a generally accepted unit. 

None of these arguments appear to me to be strictly tenable. 


4 
* 
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_ The unit adopted by the distinguished judges at the Centennial 
has not been sanctioned, nor enjoined by any statute, State or 
National, as far as I am aware, and has no binding force anywhere 
in commercial transactions. 

The action of this Society, embracing as it does mechanical 
engineers from all parts of the country, will go further in establish- 
ing any particular unit authoritatively, if this term can be applied 
to such action, than an announcement from any other source. It 
is moreover doubtful, I think, whether the centennial unit, so called, 
has become an accepted unit in all parts of the country. In com- 
mercial transactions between buyers and sellers of boilers I think 
it may be positively asserted that this unit has not yet been even 
extensively adopted, 

I would strongly urge, with great deference, however, to the 
majority of the committee, and to members who may agree with 
them, that the most rational mode of expressing the unit of boiler. 
power is to express it in terms of the universally accepted unit of 
evaporation. This conforms to custom in establishing systems of 
weights and measures, and also to general practice, which has tacit- 
ly recognized the old unit of evaporation as that which is to be em- 
ployed in estimating the performance of a boiler. I say old unit 
of evaporation, meaning the “evaporation of one pound of water 
from and at 212° F.” which the committee recommend to be re- | 
tained; the retention of this unit and the establishment of another 
and a like unit in connection with the unit of boiler-power seems a 
duplication of units of a similar kind, which is apt to lead to con-— 
fusion ; and which at least seems unnecessary. 


If the unit of boiler-power recommended by the committee be— 
adopted, viz., “30 pounds of water evaporated from feed water of | 
100° F. temperature and at 70 pounds pressure,’ which is merely 
30 of the new units of evaporation, there will still be needed a re-- 
duction to find from the actual performance of a boiler its power 
estimated by the standard unit. The claim that this new unit of — 
evaporation conforms “ more nearly to practice ” than the old does” : 


not make this reduction any more simple, and has little importance, 
it seems to me, when we consider what an indefinite expression 
“average practice” is in this connection. 

Whichever unit of evaporation be adopted, whether the old or — 
the new, or both, there is still a want of precision in the recom- 
mendations of the committee in defining the “ unit of boiler-power,”. 
especially if this unit is to be of commercial value in aiding the 


¥ 
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buyers and sellers of boilers to a better understanding in their 
And this want of exactness is likely, I think, if not 


“unit of power with such extreme precision, while other factors on 
which the power cf a boiler essentially and in a higher degree | 
depends, are introduced under the very general and often embarrass- 
ing term “average practice.” 

In the language of the committee, “ what is needed is a standard. 

unit of boiler r-power which may be used commercially, in rating — 
— boilers, and in specifications presenting the power to be demanded 
by the purchaser and guaranteed by the vender.” (The italies in 
the quotation are mine.) 

This is a distinct and clear statement ; and such a unit, if it ean 
be established, will serve a purpose of very great importance, as it 
will tend to prevent misunderstandings between buyers and sellers 
of boilers, and thus possess an element of real commercial value. 

The principal commercial considerations in the sale and purchase 
of a boiler are its “ capacity” or “ power,” and its economy. — If 
the unit of boiler-power as defined by the committee is sufficiently 
exact for commercial transactions, then it must be admitted that | 
capacity for evaporation and economy depend so little on the 
quantity of fuel burned in a given time, that variations in the 
performance of the same boiler, or of different boilers, under vary- 


Ing rates of combustion are so slight that these variations need not 


be taken definitely into account. 
The committee define the unit of boiler-power, practically, in the 
fgllowing manner: “ An evaporation of 30 pounds of water per 
hour from a feed water temperature of 100° F. into steam at 70 
pounds pressure,” “with easy firing, moderate draught,’ * ordinary 
Suc A and good economy.” 
_ As far as purchaser and vender are concerned this definition 
seems to me analogous to one which should define a mode of cal- 
culating the cubic contents of a particular building by stating that 
the ground area is to be measured with great care by a standard 
“unit of measure, and the number of square feet in the ground plan 
should then be multiplied by — the height of an average ordinary 
building. 
To specify more particularly the case under consideration, let us 
refer to the results of the experiments of Mr. Isherwood, which 
give the capacity or amount of evaporation, and the economy of the 


pay q 


ot 
same boiler under different rates of combustion or draught. Repre- 


senting the number of pounds of anthracite coal burned per hour 
on each square foot of grate surface of a marine tubular boiler 
(having 25 square feet of heating surface to 1 of grate surface), by 
the numbers in the first horizontal line below, 


6. 8. 10. 12. 14. 16. 18. 20. 22. 24, 
10.5 10.4 10.1 9.5 8.9 8.2 7 7 


the numbers in the second horizontal line will represent the num- 
ber of pounds of water evaporated from and at 212° F. by each 
pound of coal burned. The figures would apply also very well to 


all horizontal tubular boilers having the same proportions as the 


marine tubular boilers of the experiments; and they represent the 
law for all boilers, in a general way, in regard to the diminution of 
efficiency or economy with increased draught or rate of combustion. 

It is easy to see what a large range of performances might possi- 
bly fall under the designation “ easy firing,” “ moderate draught,” 
and “ good economy.” It is doubtful whether the members of the 
committee themselves, if asked, would all select the same numbers 
as the proper interpretation of these terms, if they should decide 
separately and without consultation with each other. Ordinary 
buyers and sellers would certainly differ widely, the buyer being 
more at a disadvantage because it would rest with him to prove, in 
vase of disagreement, that he did not get what he bargained for. 

A horizontal tubular boiler employed for steam-heating purposes 
might, for instance, be considered as working under a “ moderate 
draught” if it burned 8 pounds of coal per liour on each square foot 
of grate surface ; and again a boiler absolutely the same in every re- 


spect might be demanded for manufacturing purposes where the rate 
of combustion was to be 14 pounds of coal per hour for each square 
foot of grate surface. Both might be claimed to answer the defini- 
tion of “average practice” under the special conditions of use. 

The difference in the power and economy of the boiler under 
these separate conditions may be easily calculated on the basis of the 
above experiments. 

In the first case the boiler evaporates 83.2 pounds of water per 
hour for each square foot of grate surface, and in the second case 
124.6 pounds per hour for each square foot of grate. The power 
in the second case is just 50 per cent. greater than in the first, while 
the economy of evaporation is less in the second case by the ratio 

$2: or a difference of evaporation per pound of coal of 1.5 pounds 
0-6 
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of water, and for each square foot of grate surface a difference of 
41.4 pounds of water—a difference which is not measured by a small — 
fraction of the “unit of power” recommended, but which absorbs 
one and one-third of these units for each square foot of 
surtace. 


grate 

If the boiler has 12 square feet of grate surface it will develop, 
employing 30 pounds of water as the basis for 1 H.P., 33.28 horse- 
power, and in the second 49.84 horse-power, a difference of 16.5 
horse-power. 

This example shows, I think, how important it is in estab- 
lishing a “unit of boiler-power,”’ which may be “ prescribed ” in 
specifications by the purchaser, and “ guaranteed by the vender” 
that some definite rate of combustion or draught should be taken 
into account, since this is the principal element which 
power and economy. 


governs both 

It might be well also to recommend certain standard proportions 
of heating to grate surface, ete., for boilers of various classes, inas- 
much as these proportions have also an important bearing, 

The Novelty Iron Works published, some years ago, an adver- 
tising pamphlet, in which were given the proportions of boilers of 
various classes, and their capacities for evaporation. 

The calculations were made, I believe, by Mr. Emery, a member 
of the committee. 

The proportions of heating to grate surface were for 

Plain Cylinder Boiler 
Cylinder Flue 
Cylinder Tubular 
Stationary Locomotive 
The rates of evaporation of these boilers were respectively (the 
water being supposed fed at a temperature of 60°, and evaporated — 
at 80 pounds pressure) for each square foot of grate surface of the 


Plain Cylinder Boiler 53. 
Cylinder Flue 
Cylinder Tubular ‘ 
Locomotive 


Another shop, in another part of the country, might adopt very 
different proportions of heating to grate surface, etc., and assume 
very different rates of combustion ; and there would be, and prob- 

ably is, such diversity of practice in this respect in different parts 
of the country, that unless some more explicit rule can be recom- 
mended than “ easy firing, moderate draught, and good economy,” 
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it would be quite as well to say that the unit of boiler-power shall — 
be an average quantity of water (30 to 40 pounds) evaporated from 
an average temperature of feed water, at an average pressure, with — 


an average draught and average economy. 

I would suggest, however, that the manufacturer or seller of a > 
boiler should be held responsible for the proportions of his boilers, 
or in other words their economy; this would include the propor- 


tion of heating to grate surface, draught areas, ete., and the buyer | 
should be responsible for the draught, over which he has generaily — 

control, and that under these circumstances the “ unit of 
boiler-power” might be (adopting the old unit of evaporation), an 
evaporation of 35* pounds of water from and at 212° F., when the 
rate of combustion is not less than 10 pounds of ordinary coal on — 

square foot or grate surface. 


This would not only furnish a fair standard of comparison for — 
different classes of boilers, but it would, with the exception of 
locomotives, cover the greatest range of commercial transactions. 

I am aware that in a trial test it might be difficult to burn exact- 
ly 10 pounds of coal on each square foot of grate surface ; but some 
specified minimum rate of combustion seems better than the very. 
general designations of “average” or moderate which 
if used in specifications would be certain to énvite, rather than 
prevent and ward off, misunderstandings and litigations. In the 
~ example I have given such a misunderstanding might possibly occur 
— involving 16 horse-power in a boiler of very common size. 
With the definition of the unit of boiler-power which I have 
proposed above, such a misunderstanding could not well happen. 
If ten pounds of coal (or any other proper number of pounds) be— 
adopted as the min¢mum rate for which the boiler-power is guar-— 
~ anteed, the buyer would know that if he burned more than this: 
amount he would get more power than he bargained for with less — 
economy, and if he burned less he would get less power than he — 
bargained for with perhaps greater economy ; but the seller would — 
be in no way responsible for the variations in the rates of combus-. 
tion, as specified in the contract between them, this ~oticalien. 
being an essential part of the definition of the “unit of boiler- — 
power.” 
Since preparing the above I have conferred with Professor OC. B. 
tichards, of the Sheftield Scientifie School of Yale College, and 


* In the discussion as presented at the meeting this figure read 30 pounds, and 
the subsequent discussion had reference to that figure.— Ed. 
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am very glad to concur in the following suggestion made by him. 
In the unit which [have suggested above the question of economy 
is still left indefinite. ; 

Professor Richards suggests that the rate of combustion be re- 
ferred to the heating surface instead of to the grate surface. The 
“Unit of Power” will then include both the rate of combustion 
and the economy. We concur in the belief, also, that 30 pounds 
of water evaporated is too low a number even with the committee's 
unit of evaporation. 

It can hardly be said that the average non-condensing steam en- 
gine supplies 1 horse-power for each 30 pounds of water evaporated, 
but taking into consideration the recommendation of the committee 
that when a boiler is ordered it is well to orcer one which has 
one-third more capacity than the application of their unit would 
call for, the following unit of boiler power is presented, amended 
according to Professor Richards’ suggestions : 40 pounds of water 
evaporated from and at 212° F., with a rate of combustion of not 
more than #, pounds of good ordinary coal per square foot of 
water-heating surface. 

For ordinary horizontal tubular boilers this will give an evapo- 
rating power of about 3.25 pounds of water per square foot of 
heating surface, or about eight pounds of water from feed water of 
160° F., and at 80 pounds pressure per pound of coal, and about 
12 square feet of heating surface will give a horse power. 

The adoption by the public of the Mechanical Engineers’ Stand- 
ard of boiler-power would then render it unnecessary for purchaser 
and vender to make any reference to rate of combustion, as it 
would be implied in the standard unit. 

The President.—I think there is perhaps a difference of opinion 
among engineers, in the first place, as to the pressure under which 
trials of boilers should be made, and it would be well to discuss 
that point whether it is advisable to accept the recommendation 
of the committee as to carrying on a test under a pressure of 70 
pounds or atmospheric pressure. 


Mr. Kent.—I do not understand that the committee report in 
favor of any pressure whatever, and Prof. Trowbridge makes no 
reference to any pressure whatever. The question under discus- 
sion is the question of the unit of horse-power. 

Mr. Root.—The principal thing it seems to me is to have a 
unit. It doesn’t make much difference what it is. In 1867 I pub- 
lished a rating for horse-power. At that time the question came 
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up what was a horse-power in steam boilers. Almost every one 
claimed that a cubic foot per horse-power according to the old 
English idea was the right thing. Studying up the subject I found 
that any good engine ought to produce a horse-power on 23 or 24 
pounds of water, and it would be a very poor engine that would 
not produce a horse-power on 80 pounds of water. So I adopted 
and published that as the rate of the boilers I sold—30 pounds of 
water evaporated from a temperature of 212°. That, I believe, 
was the start to this whole thing as to the rating of horse-power 
of steam boilers. Now I do not see that it makes very much dif- 
ference so long as it is a settled thing. The question of what a 
horse-power is becomes very important sometimes, especially 
where there is a disagreement, and the matter comes before the 
Courts. It is very important then to have some unit, though as I 
said I don’t know that it makes much difference what that unit is, 
and while I think that a unit of 30 pounds evaporated from a 
temperature of 212° is a fair unit, still the Centennial unit is all right, 
I should think, from the indorsement that it has had by eminent 
engineers. Now, when it comes to the matter of testing boilers 
to ascertain their rate of economy, a great deal of time, a great 
deal of talent has been expended on that, and when you go into 
a labored test of the steam boiler, and make a calorimeter test, I 
think I know some engineers that can appreciate the amount of 
work there is in it. 

Then there is another point in regard to it. That is, that peo- 
ple do not generally understand it. You may figure the thing up, 
and go through with all your different equations, and then put it 
before a boiler user, “ Why,” he says, “I don’t understand this. 
For me to put any confidence in this I would have to hire an ex- 
pensive engineer to interpret it for me.” At the time of the Cen- 
tennial the committee had different ideas as to taking that test. 
Previous to that time I had gone through with one or two of those 
tests. I made up my mind that there ought to be a simple way 
of getting at the evaporative capacity of a boiler. Now the whole 
point lies in the amount of expansion that is put into the water that 
is pumped into the boiler, and if you can have something in the 
shape of a steam meter that you can put on a boiler and take an 
account of the number of cubic feet of steam that is delivered from — 
that boiler per minute, you have the whole thing. If the boiler 
primes and carries over water, you don’t get so many cubic feet of - 
steam to the pound of coal burned. There is the fact, and it gives 
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you the whole result; but I think that this matter of steam boiler 
tests is simply expending too much time in making figures. It 
would be better to put on the boiler a steam meter that would give 
_ you the number of cubic feet of steam that the boiler turns out 
— per pound of coal. 
Mr, Kent.—Can you give me such a meter ? 
Mr. Root.—I can give you a drawing. 
Prof. Webb.—Mr. Root seems to suppose that the object of this — 
portion of the report is that the public may be enabled better to 
- understand tests and calculations in which it may be used ; it seems: 
- to me, however, to be exactly the opposite. A distinguished en-— 
-gineer, now present, said at the Pittsburgh meeting in support of 
‘a proposed new name for the unit of evaporation, that the cus- 
tomer would not know how much it was. Now it seems to me evi- 
dent that after the tests and calculations are completed, and we, 
_ know that a certain boiler will supply to the water within it so. 
-many thermal units per hour, the result of the tests is in a ee 
to be understood by any business man, who would need to know 
in addition simply the number of thermal units needed per hour 
for his particular engine. In order, however, to prevent any such 
understanding, and for reasons unintelligible to a business man, 
and which the committee diffe red among m- 


appreciate differences in scoala but supposed 
= fn lashes -power to ie a fixed amount of mechanical energy. To be 
a commercial unit it should be fixed by law. If it isto be called a 
commercial horse-power, Prof. Trowbridge is right in claiming that 
in any attempt to establish such a unit the exact value chosen for 
itis of little consequence unless the normal conditions under which 
it is to be used be laid down with equal definiteness and author- 
ity. But it has been said in answer to Prof Trowbridge that it — 
is intended to be scientific rather than commercial ; I do not see | 
anything scientific in the quantities chosen, or their relations to each — 
other or to fundamental units, nor are the numbers proposed easy | 
to remember or use. These quantities —30 pounds of water, 70 
_ pounds pressure, 34} evaporation units—how long have they been 
and how long may we expect them to remain a fair average of 
every day practice, or have they indeed been shown to 4e such an 
average in reality. To my mind it would be simpler and better’ 
7 to express results in ther mal units perhour, and at all events not 
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to express them in horse-powers which are very far from being © 
horse-powers. Afterthe adoption of such a unit as that proposed, — 
it would seem to me appropriate to fix upon some one notch of _ 
the Birmingham, or other, gauge as a unit for the thickness of 
boiler plates, and to name it a commercial inch, so that a customer — 
may have as little knowledge of the actual thickness of his boiler — 
as he will have of its power. Such a standard notch might be 
made and placed with the Secretary for safe-keeping, with a state- 
ment that it was equal to so many thousandths of an inch, and 
although in actually measuring the thickness of plates a micrometer 
ellen reading to thousandths of an inch would be used, the re- 
- gult of such measurement would never be used in business until it 
aa been divided by the proper number to reduce it to the “ com- 
_ mercial inch.” Suppose, for instance, that the No. 1 notch of the 
Birmingham gauge were adopted; then the number of thou- 
— sandths would need to be divided by 300 (ten times the number of 
_ pounds of water chosen for the “ commercial horse-power ’’) to get 
the number in “ commercial inches,” and then a customer would 
be just enough confused as to the thickness of his boiler to give 
it up with the explanation—that’s the way boilers are sold. I be- 
gin to understand what this new horse-power is for. 
Mr. Kent.—The remarks of Prof. Trowbridge appear to be 
based upon a misconception of the meaning of the terms used in 
the report. I do not think it is open to the charge which he 
makes of want of exactness and precision in the definition of a 
boiler horse-power. The discussion repeatedly speaks as if there 
were “two units of evaporation ” considered in the report, as in the 
words “another and different unit of evaporation first introduced 
by the judges at the Centennial Exhibition.”’ 

The report uses the words “unit of evaporation” in one sense 
only. Only one such unit was considered, and the report is con- 
sistent tiironghout in giving it one definition, namely: one pound 
of water at 212° F. evaporated into steam of the same temperature. 
This definition is given on page 8 of the report and is substan- 
tially repeated on page 11, where the unit of boiler horse-power is 
said to be considered to be equal to 34} units of evaporation ; 
that is, 344 pounds of water evaporated from a feed-water temper- 
ature of 212° F. into steam at the same temperature. The report 
of the committee cannot possibly be misunderstood upon this sub- 
ject. The unit of evaporation is a constant of nature of the 
utmost scientific precision of definition, being the exact amount 


— 
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of heat needed to evaporate a pound of pure water into steam at 
the mean atmospheric pressure at the sea level. 

The unit of boiler horse-power is an entirely different unit, and 
is considered in paragraphs 14 and 15 of the report. There was 
no possible difference of opinion among the members of the com- 
mittee concerning the definition of a unit of evaporation, but there 
were numerous differences at first concerning the unit of boiler 
horse-power to be recommended. So earefully was this matter 
considered that each member presented his individual views in 
writing and, after a great deal of argument in which numerous 
proposed units were considered, a unanimous vote was at last 
reached in favor of the unit which is defined on page 11:—30 
pounds of water from a feed-water temperature of 100 F. into 
steam at 70 lbs. pressure, or 34) units of evaporation. The figure 
of 30 lbs. of steam per horse-power had become so generally con- 
sidered by engineers as a fair average consumption of steam in 
engines that it was advisable to adopt that figure if at all possible ; 
but it was also advisable, for the purpose of securing ease in 


calculation, to make the unit of boiler horse-power a multiple of 


the unit of evaporation. It was found that 34} units of evapora- 
tion were the equivalent of the evaporation of 30 Ibs. of water 
from 100° F. to 70 lbs. steam pressure—within 4', of one per cent., 
according to the best steam tables procurable. As this error is — 
far within the limit of error of instrumental observation in boiler 
testing, and is probably within the limit of error of the steam 
tables, it was considered right to neglect it and, therefore, after 
the definition of a boiler horse-power as “an evaporation of 30 lbs. — 
of water per hour from a feed-water temperature of 100° F. into 


steam at 70 lbs. pressure,” there were inserted the words “ which 
shall be considered to be equal to 34} units of evaporation. This 
standard is certainly not open to the charge of want of exactness 
and precision. Prof. Trowbridge says, page 3: 

“The committee define the unit of boiler power practically in — 
the following manner : 

“ An evaporation of 30 lbs. of water per hour from a feed-water 
temperature of 100° F. into steam at 70 lbs. pressure with easy — 
firing, moderate draught, ordinary fuel and good economy.” 

It is only by a mixing of two separate paragraphs of the re-— 
port that any such meaning ean be derived from it. The defini- | 
tion on page 11 says: “In all standard trials the commercial 
horse-power be taken as an evaporation of 30 lIbs.,” an absolute 
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and pnceneae il statement to which the words expressing the ‘ 
condition of ‘easy firing, moderate draught, ordinary fuel and 
= economy,” have no relation whatever. These quoted words: 
are in a separate paragr: iph from that in which the stand: wd 
horse- power is defined and relate to an entire ly different subject, 
namely: the rating of boilers, or the horse-power they should be 
called in selling or siisalhie them. Is it possible that Prof. 
Trowbridge has misunderstood what the unit of boiler horse- 


ee is for, and that he thinks it is to be used not as a measure 


of work actually done ; that is, water actually evaporated in a ~ 
boiler trial, but as a standard for measuring boilers for sale—for 
giving them a rating in the market? If so, he has misapprehended 

the object of a boiler test, which is to determine how many horse-— 


power the boiler actually develops at the time, not how many 
_ horse-power it should be rated at or sold for. Just as inv p 
a test of an engine, we apply an indicator or a brake, not 
to determine what horse-power the engine should be called | 


| in selling it, or in advertising it in a catalogue, but what 
 horse-power it actually develops at the time of trial, and with | 
what economy of steam it develops the same; so in a boiler — 
trial we weigh the water evaporated and the coal used, not 
to determine the question what the horse-power of the boiler 
should be called in selling it, but what horse-power it de- 
-velops under the conditions existing when the test is made, and 
with what economy it develops such horse-power. The hors Be- 
_ power in an engine test is the measure of the work done during | 
the test, the unit of horse-power being defined as 33,000 foot Ibs. of 
work per minute. The horse-power of a boiler in a boiler test is 
the work it does during the test, but as the work done by a boiler 
~ cannot be expressed in foot-pounds of work as it can in an engine 
test, we give the term horse-power as applied to boilers a different 
definition, viz.: 30 pounds of water evaporated. The words 
“commercial horse-power” or ‘ boiler horse-power,’ have been 
used by the committee as a technical term to signify the horse- 
power of a boiler, as above defined, and to distinguish it from en- 
gine horse-power, detined as 33,000 foot-pounds of work per min- 
ute. We would have used the word “nominal” instead of “ com- 


mercial,” but it might have been misunderstood as having some 
relation to the term “ nominal horse-power,” as it is still used in 
England in measuring engines, but which is obsolete in this coun- | 


try. The word commercial is perhaps not a good word and may > 
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pessibly have led some to suppose it applied to the rating for sale, 
but no other word was suggested which did not seem more objec- 
tionable. 

I think the paragraph on page 11 relating to the rating of a 
boiler is clear enough to the comprehension of most engineers, 
but it might be paraphrased as follows to make it still plainer :— 
While the commercial horse-power is, as above stated, an evapor- 
ation of 30 lbs. of water, ete., which standard is to be used as a | 
measure of work actually done in a boiler test, it is the opinion 

of the committee that a boiler should not be called 100-horse- 
power (or rated at 100 horse-power) merely because it evaporated 
30 x 100 = 3,000 lbs. of water per hour in a boiler test, unless it 
is capable of that evaporation with easy firing, moderate draught 
and ordinary fuel, while exhibiting good economy ; and, further, | 
that it should be capable of developing 130 commercial horse- | 
power (such commercial horse-power being defined as ies 
— 80x 180 = 3,900 lbs.) of water per hour. 

Prof. Trowbridge, introducing a standard of his own (viz.: an- 
evaporation of 30* pounds of water from and at 212° F. when the 
rate of combustion is not less than 10 pounds of ordinary coal per 
square foot of grate surface), says “in establishing a unit of boil- 
er power which may be prescribed in specifications by the pur-_ 
chaser and guaranteed by the vender some definite rate of combus- 
tion or draught should be taken into account, since this is the 
principal element ( italicized by Prof. Trowbridge ) which governs | 
both power and economy.” 

As an example of the practical working of such a standard, sup- 

_ pose a boiler rated at 100 horse-power should be guaranteed by 
the vender to develop 120 horse-power on trial. It is tested 
and it evaporates 4,500 lbs. of water per hour, and the rate of— 
combustion is only 9 lbs. of coal per square foot of grate. How is. 
it possible to determine the horse-power developed by Prof. | 
Trowbridge’s standard? Suppose the same evaporation is obtained | 
when 11 Ibs. of coal is reached, what then is the horse-power? __ 

The rate of combustion or draught is not only not the principal — 
element which governs both power and economy, but it is fre- 
quently not an element at all, since both power and economy may 

_ be made independent of the rate of combustion per square foot of 
heating-surface or of the force of the draught. A boiler which 
under certain conditions of draught and rate of combustion de-_ 


* See note on page 319. 
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velops 100 horse-power with an evaporation of 9 pounds of water 
per pound of coal, may be made to give the same results with a — 
very different draught and rate of combustion, by simply shorten-— 
ing or lengthening the grate surface to correspond with the in-— 
crease or diminution of the force of the draught. 
The same criticisms apply of course to the other proposed stand-— 
ard of 40 pounds of water evaporated from and at 212° F., with a 
rate of combustion of not more than ;4; pounds of good ordinary 
coal per square foot of water-heating surface. 
; Let us apply the new standard to the above special case and 
assume that the boiler had 1,500 square feet of heating surface, — 
evaporating 4,500 Ibs. and burned 500 Ibs. of coal per hour. 
~The grate surface now disappears from the problem; the rate 
of combustion of ,°;,5 = 0.333 lbs. per square feet of water 
heating surface—what is the horse-power obtained in the test? — 
But suppose the heating surface is only 1,000 square feet and the — 
- same evaporation is obtained from the same coal but it is burned 


at 7°, = 0.5 lbs. per square foot of water-heating surface, what is 
_ the horse-power obtained? Surely, this example is sufficient to show 
the absurdity of attempting to make an absolute unit of work done 
dependent upon such a variable condition as the rate of combustion. 
Prof. Trowbridge makes another suggestion, that it might be 
well to recommend certain standard proportions of heating to 
— grate furnace, ete., for boilers of various classes. The committee 
intentionally refrained from doing anything of the kind. Their — 


@ 


a set-of rules for building them. 

Mr. Babcock.—1I agree with Prof. Trowbridge in part. I think | 
that he is sound when he says we do not want two units; one unit — 
is sufficient. Now a unit of evaporation, as the committee says, 
is a standard thing: it is scientific; it is not dependent on ther- — 
‘mometers or on measures of length or breadth ; it is definite, and 
may be easily determined by means of an ordinary balance, and 
is therefore a proper thing to use. Let us accept that as a unit — 
and measure our horse-power by it. Our committce have done — 
this, but only as an alternative. For regular use they have as- 
sumed an entirely arbitrary unit which they call a unit of horse-— 
power. They seem to have been led to that unit because of ade-— 
sire to retain the number 30, which Mr. Root first published as a 
measure of horse-power. I see no particular advantage in retain- 
ing the 30; and therefore I see no need of making a conventional 
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unit to fit it. 383 units of evapor: ation would have given a number 

which is familiar to engineers in connection with horse-power, be- | 

. ing the same as the number of thousand foot pounds in the engine — 

. horse-power. 33 units of evaporation and 33,000 foot pounds form 
‘something nearly akin, are easily remembered, and seem to be a 
part of the same general notation. 

Another unit is suggested by them, the heat-unit. That is a 
‘scientific term and there would seem to be good reasons for. 
adopting it. 33,000 heat units, a measure nearly equivalent to 
the committee’s, would have similar advantages to 33 units of 


evaporation. Insomuch I agree with Prof. Trowbridge. I do © 
a 


not agree with him in respect to what is a boiler horse-power. 
It should have nothing whatever to do with the rates of combus- 
tion either on a square foot or grate, or a square foot of heating 
surface. In fact, Prof. Trowbridge’s argument overthrows his unit ; 
he shows us that on plain cylinder boilers there should be one 
square foot of grate to every eleven square feet of heating surface, — 
while on return tubular boilers the proportions should be 1 to 28. 
Now, then, if you apply bis unit of horse-power to those two differ- 
ent boilers it will not fit at all. The conditions destroy each — 
other. There is no question but that a boiler will give a better 
economy at one rate of evaporation than at another ; that is, at one 
_ particular rate of evaporation it will give its best economy. There 
isa maximum. I could not give it in definite figures, they would 
vary with different boilers, but it would approximate a curve of 
this form (Fig. 225). If we take for vertical values the quantity of 
water evaporated, and for horizontal the quantity of coal burned 
per unit of surface, we will find that the curve of capacity will rise 
nearly regularly at first, gradually falling off in ratio as the com- 
bustion increases. Now if we wish to represent the economy i 
pounds of water evaporated per pound of coal, it would be 7 a 
curve starting from nothing, running up very quickly to a maxi- 
mum, which will be nearly maintained for a while, then falling 
away in an increasing ratio. The best work of the boiler would 
be done within the vertical lines A and B—and its commercial _ 
horse-power should be somewhere within that range, which will 
vary, however, with the kind of boiler. This diagram will answer — 
for any boiler by varying the scales of values. 
Mr. Root.—In regard to this matter of economy I think there 
is just as much in adjusting the rate of combustion and the tem- 
perature of the furnace, compared with the terminal temperature 
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of the flue, as there is between the initial and the terminal press- 
ures in the steam-engine. If you reduce your grate surface and 
burn a large amount of coal per square foot, the result is, as I have 
found in a great many cases, to reduce the temperature of the 
gases passing off through the flue, and the reverse is the case — 
when the furnace temperature is reduced. The result is, when 
you putup your temperature by a higher rate of combustion in 
the furnace, that the part of the boiler adjacent to the furnace, 


5 
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SCALE OF COMBUSTION PER UNIT OF SURFACE 
FIG. 225 


being subjected to a higher temperature, takes up a great amount _ 
of the heat generated by the coal at that point. That leaves 
a less amount of the heat to be absorbed in the run through the 
outlet of the flues to the chimney. I found that by reducing the 
area of the grate and putting up the temperature of the furnace 
to a very high point I actually reduced the temperature of the 
gases in the flue. I think that is the point that varies all these 
equations and curves that you may make, and that results will 
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be varied by the proper proportion of grate surface and flue — 
areas 

J. I. Holloway.—As I understand, Mr. Kent proposes to elim-— 

inate from this discussion a great many of these points me 

“were referred to, and [ understand him to say that he simply pro- 

poses to give to you the water and the coal and you are to get the 

best results out of that. He might use as an illustration the fact 
that the horse-power of a horse going over the country is not de-- 
pendent on a variety of conditions. In the case of fast horses in 
a race, where the intent is that the horse shall have a fair start: 
and the one that gets under the wire first is to be considered the 

best horse, what is known as jockeying often comes in. I do not 
know that the same thing comes in boiler tests ; but if it does, it | 
is in such ways as are suggested by differences in the way the fir- 
ing is done, and the way the damper is handled, and other such 
manipulations The point that Mr. Kent means, I suppose, is 
that all we have to do with isthe result in the end. Having those — 
two elements to begin with, we get the best results out of them 
—what should be the starting and what should be the end; the 
intervals between the two being left to the best jockey. 

Mr. C. £. Emery.—I feel assured that the pressure of other 
duties has prevented Prof. Trowbridge from making the thorough 
examination necessary to appreciate the full value of all the condi- 
tions which are to be considered in discussing the unit of boiler- 
power as suggested in the Report. The discussion states, on its 
third page : ‘* The committee define the unit of boiler-power prac- 
tically in the following manner: “ An evaporation of 30 pounds 
of water per hour, from a feed-water temperature of 100° F. into 
steam at 70 pounds pressure,” “with easy firing, moderate 
draught,” “ordinary fuel and good economy.” The Report of 
the committee states : 

“ Your committee has carefully weighed the arguments relating 
to these standards, as they were presented in writing by their 
respective advocates, and, after due consideration, has determined 
to accept the Centennial Standard, the first above mentioned, and 
to recommend that in all standard trials the commercial horse- 
power be taken as an evaporation of 30 pounds of water per hour 
Srom a feed-water temperature of 100° Fahr. into steam at 70 pounds 
gauge pressure, which shall be considered to be equal to 34} 
units of evaporation, that is, to 34} pounds of water evaporated 
from a feed-water temperature of 212° Fahr. into steam at the 


same temperature. This standard is equal to 33,805 thermal units 
hour. 


“It is the opinion of this committee that a boiler rated at any 


“stated number of horse-powers should be capable of 


that power with easy firing, moderate draught and ordinary fuel, 


while exhibiting good economy; and further, that the boiler 


should be capable of developing at least one-third more than its 
rated power to meet emergencies at times when maximum 
economy is not the most important object to be attained.” 

With the above quotation before us, where is the want of “ ex- 
actness and precision” in the unit of boiler power, which is re- 
ferred to? Is it implied that the unit should be stated in units of 
evaporation ? It is so stated in the Report but not in the quota- 
tion from it. It is also stated in thermal units. 

It would not be unnatural that criticism should be called out 
from an active engineer approaching the subject hastily and fail- 
ing to find in the Report a complete treatise on all the conditions 
which affect the performance of boilers. It is stated in the dis- 
cussion: “The principal commercial considerations in tlie sale 
and purchase of a boiler are its ‘capacity’ or ‘ power’ and its 
‘economy.’” This statement is unobjectionable, but simple as it 
is, it includes a range of problems entirely outside the scope of 
the subject referred to the committee, and involves conditions 
which it would be impossible to embody in formulating rules for 
general use. The committee attempted only to write a report on 
“a standard method of conducting steam-boiler trials.” The 
question is, whether the report submitted furnishes rules for con- 
ducting such trials with sufficient elaboration to make the results 
obtained practically accurate and comparable one with another. 
In order to show the power of a boiler it was necessary to fix a 
standard of boiler-power, and the power developed by a boiler at 
any given time can be compared with this standard and accurately 
stated. The committee cannot dictate to manufacturers and users 
of boilers all over the country what rate of combustion they shall 
employ, either per square foot of grate as proposed in tle first 
modification of Prof. Trowbridge, or per square foot of heating 
surface as proposed in the second modification by Profs. Trow- 
bridge and Richards. One of Prof. Trowbridge’s own illustrations 
is well caleulated to prove this. He refers to some of my work 
for the Novelty Iron Works some 16 years ago, where I gave the 
proportions of grate to heating surface of a plain cylinder boiler, 
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1 to 11; of a cylinder flue boiler, 1 to 17; and of a cylinder tubu- 
lar boiler, 1 to 28. It is well to add, however, that in the circular 
I gave the relative evaporations as 1 for the plain cylinder, 1.14 
for the cylinder flue, and 1.32 for the cylinder tubular, to show 
purchasers what kind of boilers it was for their interest to buy. 
The proportions fixed were not notions of my own; they were 
founded on the average proportions of similar boilers then in use. 
Such boilers are still in use. For utilizing waste heat where fuel 
is cheap the plain cylinders will probably continue to be used for 
years, and on account of bad water the cylinder flue boilers will 
probably continue to be used in the West, indefinitely. The prop- 
osition to conduct boiler trials of these different kinds of boilers 
at the same rate of combustion per square foot of heating surface 
is preposterous, as the cylinder flue and tubular boilers would not 
nearly give the power usually obtained from them in regular prac- 
tice.* Moreover, the proportions of many other boilers sold in 
the market vary nearly as much as those referred to, so the pro- 
posed modification would be rarely applicable. The purpose of a 


boiler trial is not to dictate what the power and economy shall be, 


but to ascertain what they are. 

Of course the same boiler can be operated at different powers, 
and of course a very large increase in the power of a boiler may 
be obtained without very largely reducing its economy, but the 
power and economy during each particular trial can be ascertained 
definitely by the rules presented. 

_ The particular quantity of water evaporated selected as one 
horse-power should not be confounded with the question of what 
shall be the rated horse-power of a boiler. The manufacturer of a 
boiler may rate his boiler at any power he chooses. If a test be 
made, the actual power developed under the particular conditions 
will be ascertained under the rules given. If the question, as to 
whether or not a boiler is of a given power, be submitted to an en- 
-gineer, he may by measurement of its size and proportions, in con- 
nection with its chimney and setting, determine approximately how 
~ much water it will evaporate, and thereby determine its power by 
the rule, or he may obtain the results more accurately by actual trial. 
If the builder has guaranteed a certain economy, that can be de- 
termined beyond peradventure. There will be no dispute about 


it, simply because there is only one way of expressing economy. 


* Only eleven twenty-eighths of regular power in one case and seventeen 


-twenty-eighths in the other. 
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There have been difficulties however when only a certain power 


was guaranteed, for the reason that there were great differences 
of opinion as to the value of a horse-power, which it is now pro- 
posed to settle. The two questions are entirely independent. An 


engineer in determining whether or not a boiler is of a certain horse- 


power under the rules, should be guided by the suggestion of the 
committee that the boiler should produce “ that power with easy 


firing, moderate draught, and ordinary fuel,” and further that the 


boiler “should be capable of developing at least one-third more 


than its rated power to meet emergencies at times when maximum 


economy is not the most important object to be attained.” 
Evidently a boiler must have some surplus power in order to 

enable the fireman to keep the steam pressure steady when 

manipulating his fires, when the day is dull or the fuel poor. 


Frequently, too, the regular fireman is absent, and there are 


many other contingencies which will at once suggest themselves 
to the practical engineer. Personally I should like to have seen 
the provision of one-third surplus power made more prominent. 
The committee after a full discussion thought it should come in 
simply as a suggestion, since the actual power developed in a par- 
ticular trial could always be stated in terms of the standard. The 
members of the committee differed somewhat in opinion at first, 
more particularly however as to details, and it required consider- 


able discussion, but Iam happy to say little compromise, to bring 
about a full agreement. When the committee had nearly finished 
their work and were settling the details of the Report, it was in- 
formally suggested to make the standard exactly 33,000 British 
Thermal Units per hour, so that it would be numerically the same 
as the number of foot-pounds per minute constituting an actual 


rT’ 


horse-power, and again 33,333 B. T. U. were suggested to facili- 
tate the calculations, but the general feeling of the committee 
was against any change whatever. The members had come to 
think alike. They believed that the standard fixed by the Judges 
of the Centennial Exhibition so nearly expressed their convic- 
tions as to what the value of a horse-power should be that it 
should be adopted without question. The members who were 
not on the Centennial Committee were apparently most earnest 
in opposing any change whatever. 

Mr. Babeock thinks that the value of a horse-power should be 
stated only in “units of evaporation,” and other speakers feel 
that confusion will arise by adopting any other standard. It will 


| 
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be observed, however, that the committee fixed the standard in- 
‘three alternative forms, in one of which it is stated in “units of © 
evaporation.” The object of first stating the standard in the form 

used by the Centennial Committee, to wit: 30 pounds of water 

evaporated per horse-power per hour at a gauge pressure of 70. 
pounds from a temperature of 100°, and afterwards stating that 
this is equivalent to 344 units of evaporation or pounds of | 
water evaporated from and at 212°, is simply that the former more 
nearly expresses the result under actual practical conditions. En- 
-gines are not operated at atmospheric pressure, and the feed water | 
is rarely 212°; but very many engines are operated at or about 70— 
pounds pressure, and the feed-water temperature of 100° is easily 
obtained in average practice. If a manufacturer compares the 
amount of coal and water used for a given time, as shown 
by his coal bills and a properly connected water meter, he 
should be able to ascertain an average number of horse-powers_ 
used, approximating that shown by an elaborate trial. If an en- 
gine requires 30 pounds of teed water per horse-power per hour, 


x 

the boiler must furnish that amount of power for each horse-power | 


under actual conditions, and any owner or practical superintend- 
ent who had watched a trial as closely as some do, on inspecting 

a report stated in units of evaporation would say that his engine | 

did not require 34} pounds of water per horse-power per hour, 

but only 30 pounds, as he had checked the figures. The practical _ 

man would be right. Water evaporated from and at 212° certainly 

_ has nothing to do with an engine trial. The engine and boiler 
units should correspond, so that the boiler will furnish and the en- 

- gine use not only the same actual quantity but numerically the 
same number of units of water. Hence the horse-power of a boiler 
should be expressed primarily in such manner that scr ntific corre Co 

tions to a standard basis will not greatly vary the apparent result. 

Prof. Webb, in his remarks, goes still further and claims that 
the British Thermal Unit should always be used, and that the 
other methods of stating the value of a horse-power only ately 
the matter. What would the practical boiler owners and superin- | 
tendents say about confusion if the results were only stated in | 
British Thermal Units? The answer is evident. Now which 
should govern, language comprehensible to men who own and 
operate the thousands of horse-power of boilers and engines now in _ 
use, or to those who have little or nothing, practically, to do with 
them? It is the duty of the schools to teach principles, but to 


learn to apply them in practicable ways. We should all keep in 
~ mind Rankine’s definition of Science, which is, substantially, that 
7 it is a combination of Theory and Practice. In this matter it 
~ seemed better to the committee to announce a practical standard 
that all could understand, and then fix its value definitely on a 
scientific basis. The value of the unit of horse- pow announced 
#8 33,305 British Thermal Units per hour, which being stated in 
the Report definitely fixes the standard. It also equals 345 units 
of evaporation, within one-thirtieth of one per cent., and this 
; value is also stated so that parties who desire to use it in that 
form cau do So. 


It may be interesting also to put on record here some reasons 
why 30 pounds of water per horse-power per hour, evaporated 
under actual conditions, is considered equal to one horse-power, 
rather than to any greater or less amount. Very small engines use 
40, 50, and sometimes even 60 pounds of water per horse-power per 
hour, while large engines working expaunsively, in factories, require 
22 to 24 pounds only, some results being reported still lower. 
Compound engines well adapted for their work require still less. 
Small engines are, however, generally furnished in connection 
with the boilers which are to supply them with steam. In many 
cases the engine and boilers are practically a unit, as in the case 


of portable engines. So also for factory purposes boilers are 
furnished to supply particular engines with steam, and generally 
by the parties furnishing the engines—in any case by those who 
understand most of the conditions of the problem. The unit of 
boiler horse-power should therefore be most applicable to inter- 
mediate sizes. It is a fact easily proven that from 50 to 75 horse- 
power can readily be obtained in a modern engine, using steam 
expansively but non-condensing, for less than 30 pounds of water 
per horse-power per hour, which indicates that 30 pounds is ample 
to allow for the increased consumption due to such ordinary 
derangements as occur in average practice. It was thought, how- 
ever, that 30 pounds of water evaporated per hour from and at 
212°, which is the equivalent of only 25.1 pounds of water, evapo- 
rated under average actual conditions, would be insufficient to 
produce a horse-power in average engines of moderate size. The 
standard selected, 30 pounds of water, evaporated at 70 pounds 
gauge pressure from a temperature of 100°, was considered to be 
the better compromise, one which more nearly corresponded with 
the views expressed by others previously, and which moreover 
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possessed the advantage of having been previously promulgated - 
by the judges who conducted the test at the Centennial Exhibi- — 
tion. 
Mr. Root has suggested that boilers should be tested with a 
_ steam meter in order to avoid the necessity of many of the elab-— 
a orate details provided for in the code. I applied a steam meter 
— toa boiler lately, and was very much surprised in observing it. 
The boiler was one of twenty or more supplying steam to our— 
_ mains. The discharge from the boiler was through a check valve, { 
and the meter showed that the boiler took a rest every time it | 
was fed with fuel or water. No matter how carefully these opera- 
tions were performed, no steam passed out of the boiler for a_ 
little time afterwards. This could not have taken place if the | 
boiler had been operated singly to furnish a regular supply of 
steam. In such case the water in the boiler would have kept up 
the supply temporarily after firing or supplying feed to the boiler, — 
and the pressure would have varied slightly. In the case referred — 
- to, the other boilers kept up the pressure, and the boiler simply 
stopped generating steam momentarily until there was a slight — 
excess of pressure within it to raise the check valve. The quantity 
of steam passing through the meter was shown by the position of — 
‘a pencil moving over a ribbon traversed by clock-work, so that the ; 
records were a series of hills and hollows varying with the manage- _ 
ment of the boiler, condition of the fire, ete. The depressions which ; 
showed that no steam was passing were very short generally. 
This statement will be deficient without a brief explanation of | 
the construction of the meter. The velocity of steam in our pipes, - 
for the losses of pressure desired, is about 80 feet per second, so — 
-thatit was practically impossible to construct a displacement meter. ; 
— Such a meter would necessarily have as large a displacement per — 
unit of time as the engine it was supplying. Several velocimeters 7 
were tried, but, as is common with this class of mechanism, they _ 
varied their rate not only with the quantity flowing through, which 
could have been allowed for, but with the friction of the apparatus, | 
and the latter, in steam machinery, is liable to variation on account — 
of wear and the difficulty of maintaining lubrication. We had to 
go back to the principle of blowing steam through a graduated 
orifice with a constant head or difference of pressure. This 
method is as accurate as any other, depending as it does upon the 
 aieene principle of the laws of gravitation. The meter I de-_ 


veloped consists substantially of a piston valve regulating rectan-— 


| 
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gular openings of definite size and operated by a weighted piston, © 
the weight being so adjusted to the diameter of the piston as to — 
~ require 2 lbs. difference of pressure to lift it, and this difference a 
pressure is by means of the weighted piston automatically main-_ 
tained between the inlet and discharge sides of the meter openings. 
— The motion of the piston is transferred outside the cylinder by 
means of arock shaft and levers, and its position is continuously re-— 
— corded on a ribbon of paper set in motion by a clock, as previously | 
~ explained. A fixed pencil also marks on the paper a line of refer- 
ence. The heights of the diagrams at various points are in pro- 
portion to the quantities of steam flowing at the respective times, 
_ the average height is proportioned to the average quantity of _ 
_ steam used, while the area is proportioned to the total quantity of. 
steam used for the time considered. In practice the areas are 
ascertained by means of special planimeters designed for the pur-_ 
“pose. The necessity of using a clock and recording mechanism 
on every meter was at first thought to be a misfortune, but it 
proved a blessing in disguise. One great drawback of the steam — 
business is that janitors and employees will waste it. They. 
leave it on at night so that the buildings will be warm in the morn- _ 
ing, and not require them to be on hand as early as they would if | 
the steam had been shut off. In many places during the rel 
steam is not shut off from one week’s end to another, and is con-  _ 
sequently used 168 hours in the week instead of about 60, as ex-— 
pected. In well-ventilated buildings the quantity used during the 
night does not appear to vary materially from that used during | 
the day, so that naturally great complaints arise as to the amount 
of the bills. Owners are disposed to believe the statements of 


their janitors or other employees whom they have trusted so many > 
years, and not until they are confronted with the charts showing 
carelessness, and perhaps have tested the accuracy of the regis- 
ters by privately seeing steam shut down at particular times and 
then asking for reports from us, will they believe that the amounts 
of the bills are due to a want of care on their own premises, and 
not to the greediness of the corporation, as they are too willing to 
claim. 

Mr. loot.—I see that the gentleman has come to the meter idea 
after all, and I think it would be well if that would take the place, 
in the reports of the trials of steam boilers, of so much figuring 
and so many equations that the majority of people cannot under-— 
stand. Iwill ask Mr. Emery how accurate this appears to be and © 


= 
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how much trouble there is in working it. Is it liable to get out of 
: : order? If the weight of the steam is inereased by being loaded © 
with water I should think the rate of flow should be changed. 
4 Mr. C. I. Emery.—tif it is in order I will be happy to - 
. anything in regard to the matter. No experiments have been 
made to ascertain the variations in flow due to moist steam. Our 


large pipes act as steam drums, the water of condensation separates 


readily and flows along the bottom until it is removed by a trap, 
so that the quality of the steam is about the same at all places. 
In regard to the accuracy of the apparatus, I will say that each 
meter is accurate when it works freely. We have attempted to 
make the meters exact duplicates, so as to avoid rating every one 
by actual test. This involved all the difficulties in any manufac- 
ture due to making parts interchangeable, which have been suc- 
cessfully overcome. We are however still rating every meter by 
actual test, so that there will be no question as to the accuracy of 
the records. It is desirable to have the meters fit closely and yet 
move with absolute freedom. The meters are made reliable by 
using comparatively heavy weights. The piston of a 1} inch 
meter weighs 30 lbs., so if the resistance to motion be ,'y of a Ib. 
the difference of pressure is affected s}5 of 2 Ibs. or ;}5 of 1 
Ib. We find that some of the meter cylinders slightly change 
shape after being heated up for a time and it is necessary to 
scrape the bearing points. We have however some meters in use 
two years which have not been touched. Fortunately small resist- 
ances do not affect the results. Variations in demand cause a 
movement of the piston, and even when supplying a constant 
quantity of steam for heat a slight variation of steam in the boiler- 
house will cause slight variations in the pencil record of the 
meter ; the pencil rising as the steam pressure falls and falling as 
the steam pressure rises, within very small limits. The record is 
therefore evidently correct for the average steam pressure. The 
slight undulations also correct errors due to the minor resistances, 
for the pencil falls as much short of reaching the absolutely 
correct higher limit as it does of reaching the corresponding lower 
limit, so that the average is absolutely correct. Lastly, the slack 
motion in the connections is also eliminated in the same way, when 
it is less in amount than the movement of the pencil due to reasons 
named. Weare thus able to study the diagrams the same as in- 
dicator diagrams, and to tell from their appearance whether or 
not the meter is in order. A straight line on the diagram is 
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always regarded with suspicion. A test of the meter is imme- 
diately made to see if it will respond to changes in the position of 


the delivery valve. We desire to see a slight undulation in the 7 
line even where the demand for steam is very regular. 
Mr. Barvus —I regret that the Report of the committee does: 
not recommend a simple standard method of making calorimetric 4 
4 tests of the dryness of steam. But perhaps the memorandum de-. 


scribing Mr. Emery’s barrel calorimeter was thought sufficient. If 
os I beg to criticise the method he describes. In one respect, I 
believe it is inaccurate. My object in writing this, is, 1st, to state | 
“alles the inaccuracy consists ; 2d, to present for consideration 
_ the data and results of some experiments that support my views; * 
~and 3d, to offer a self-evident remedy. . 
Mr. Emery’s memorandum on the thirty-fifth page of the Report 
and the 290th of the volume (next to the last paragraph) reads, 
“The weight of water in calorimeter should be increased proportion-. 
ally to the weight and specific heat of all metal exposed to changes’ 
of temperature with the water. An addition of one-ninth of the 
weight of the propeller, and submerged portion of shaft and fasten- 
ings, will be substantially correct, if the apparatus be made of iron.” 

I have used the barrel calorimeter to a considerable extent, and 

have found that the wooden material of the barrel itself absorbs 

heat derived from the steam, in the same way as the metal referred 

to, but to less extent. IT have been in the habit of making an 

— allowance for the effect of the wood, and as it amounts to from 1 

to 3 per cent. of the heat given up by the steam, it has appeared to 
me an important correction. Mr. Emory’s memorandum makes no 
reference to the matter, and herein the method appears to me in 
error. 

In support of this view, I submit the following data and results 

_ of some experiments with a barrel calorimeter, which I have under- 
taken for this special object. 

The calorimeter was constructed essentially like the one Mr. 
Emery’s memorandum recommends. Its principal difference was 
in the propeller, which was made of pine wood. There was no 
metal in the barrel excepting two or three iron plugs screwed in 

- from the outside, used for stopping holes; and the 1}-inch iron 
nipple with its elbow and outlet valve, which was attached to the 
bottom. 

The wood of the barrel was oak, three-quarters of an inch thick. 
The barrel held, when filled, about 350 lbs. of water. 


= 
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Although the object of the experiments was to find the amount 
of heat absorbed by the wood of the barrel, they were made to em- 
brace complete calorimetric tests. 

The method adcpted was as follows: The barrel was filled to a 
certain mark and steam admitted till the temperature reached as 
near as might be 110° F. The propeller was set to work to equal- 
ize the temperature, and then the barrel was emptied. After ob- 
serving the weight of the empty barrel, the cold water supply valve 
was opened and the barrel filled tothe same mark as before. Dur- 
ing the operation of filling, the temperature of the inflowing water 
was observed at intervals of half a minute, a thermometer being 
set inthe supply pipe for the purpose. It required about three 
minutes’ time for the complete filling. The temperature of the 
water in the barrel was again made uniform by the use of the pro- 
peller, and the temperature observed from a thermometer held 
in the hand and immersed in the open barrel. The weight of the 
filled barrel was taken and steam blown through the hose till all 
the drip disappeared. Then the hose was dropped into the barrel 
and steam admitted with full force. When the temperature of the 
water reached 110°, as near as might be, the steam was shut off, 
the hose carefully removed from the barrel, and the propeller 
operated till the temperature became uniform. The weight and 
temperature were again observed, and the experiment was finished. 
This course was followed in each experiment of the series, and the 
same length of time was occupied in similar operations, 

Four consecutive trials gave respectively for total heat of the 
— steam, 1197, 1191, 1198, 1199. 

The full log of the third trial is given below, and is representa- 
tive of all the others. 

. Steam of previous trial shut off at 

. Water of previous trial emptied at..................... 2.54—30. 


Temperature at 111.7° F. 
. At 2.58- 0 Weight of empty barrel................ 82 Ibs. 4oz. 


Time. Temperature 
. At 2 58-80 Open cold water supply..................... 58.5 

59-30 

3 00- 0 
00-30 
O1- 0 
01-30 


De 
i 
i 
‘ 
7 
> 
an 
« 
Average. . . 50.8 
ac 
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8 03-30 Weight of barrel 383 Ibs. 10 oz, 
} C5- 0 Temperature of water in barrel.............. 53.3 

‘3 07- 0 Open steam valve, 

12-0 Shut steam vaive. 
314-0 Weight of barrel, 400 lbs. 6 oz. 
10). 3 15- 0 Temperature of water in barrel.............. 111.6 
Steam pressure by gauge 71.5 Ibs. 


It will be seen from this log that the cold water gained in passing 
into the barrel 2.5° of temperature. Subsequent experiments showed 
that 0.5 of a degree was absorbed from the atmosphere, which had 
a temperature of 88° F. The remaining 2.0 degrees is that due to 
the heat that was stored in the wood on the previous experiment. 
This is 3,4) per cent. of the heat given out by the steam. In the 
other experiments of the series, the number of degrees received 
from the wood was, in the first 1.7°, in the second 1.9°, and in the 
fourth 18°. I hold that these quantities measure the allowance 
that should be made for the specific heat of the wood in barrel. In 
this particular calorimeter the allowance amounts to over 30 ther- 
mal units of total heat, which corresponds to what would be called 
over three per cent. of moisture in the steam. 

The remedy for the error of Mr. Emery’s method, if my reason- 
ing is sound, is to take for the initial temperature, not that of the 
cold water in the barrel, but that of the cold water flowing into the 
barrel corrected for the heat derived from the atmosphere. 

I would say that the scales used in weighing the water on the 
tests were sensitive to a change of half an ounce in weight, and the 
thermometers, graduated to fifths of a degree, could be easily read 
to tenths, and were found substantially correct when compared with 
each other and with standards. 

I am indebted to Prof. Lanza of the Mass. Institute of Technol- 
zy, where the tests were made, for permission to use some of the | 
ipparatus in the steam engineering laboratory of the Institute for 
the purpose. 

I would call attention also to the fact that the report of the coim- 
mittee suggests no rules for the treatment of the unburned and un- 
‘consumed coal, which, during the progress of a test, falls through — 
the grates. Tests that are made for commercial purposes call for 
the determination of the amount of coal consumed, without regard 
to the amount of combustible. In the case of anthracite coal an 
appreciable percentage of the coal that is fired finds its way through 
the grates into the ash pit, either in an unburned or ina partially 
burned condition. The amount copenes: somewhat upon the width 
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of air spaces in the grates, but however small the spaces may be, 


within the limits of practical use, small pieces of coal may always 


be found in the ashes. 

I would suggest that in the case of anthracite coals which are 
iarger in size than those termed “ buckwheat,” the pieces of coal, 
Whether partially or wholly unburned, which will pass through a 
screen having meshes one-quarter inch square in the clear, be classed 
as ashes, and those that fail to pass through such a screen be classed 
as refuse coal, The weight of the refuse coal should be deducted 
trom that of the coal which is fired, in order to determine the weight 
of coal actually consumed. My own custom has been to select and 
screen a sample of the ashes, refuse coal, and clinkers, and thus de- 
termine the proportion which the refuse coal bears to the whole 
weight, without going through the labor of screening the whole 
quantity. 

Since the above was written, 1 have repeated the calorimeter 
experiments, using, instead of the wooden barrel, a metal tank. 

The tank was 19$ inches in diameter, 23} inches deep, and was 
made of No. 15 B. W. G. wrought iron, the inside of which was 
tinned. It had two handles, but no other attachments. Its weiglit 
was 34 pounds 14 ounces, and all of this, except a rim of metal at the 
top three inches wide, representing about 1.28 pounds weight, was 
exposed to the changes of temperature of the water. In using this 
calorimeter, according to the directions of Mr. Emery’s memoran- 
dum, the weight of water should be increased by 43.5 = 3,4, pounds, 
provided the vessel be of iron. It may be regarded as wholly iron, 
the tin lining being very thin. 

Calorimeter tests were made with this apparatus in a similar 
manner to that described for the barrel calorimeter, except that 
only one initial temperature of the cold water was observed, and 
that after the water had entered the tank. 

Three consecutive experiments, made under the same conditions 
of place and circumstances as those made with the barrel calori- 
meter, gave for total heat of the steain, 1196, 1200, and 1197 respect- 
ively. The data of the first of these tests, which is representative 
of all, are as follows: 

At 12.28 Weight of empty tank including the hair felt 
underneath.... .... 37 Ibs. 
. At 12.31 Weight of tank filled with cold water... .251 lbs. 8} oz. 
. At 12.338 Temperature of cold water in tank.............52.9° 


2.34 Leton steam. "v 
2.37 Shut off steam. 


4. A 
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At 12.40 Weight of tank filled with cold water... .261 Ibs. 2 oz. 
7. At 12.415 Temperature of warm water iu tank 101.1 
Pressure of steam by gauge 73 Ibs. 


. The close agreement that exists between the results obtained by 
the two methods, is proof, to my mind, of the correctness of the 
method described for working the barrel calorimeter. 
~ | would submit also the following formal suggestions, as cover- 
. ing these and some of the other points in which I think the Report 
of the committee could be improved. 


1. Amendment to Section X 

Change the beginning of the second paragraph so as to read as follows: 

At the end of the test, remove the whole fire as soon as one-fourth part, asnear 
as may be estimated, has become dead, clean the grates, ete. 


2. Amendment to Section XIV. 

Insert the following words between the first and second paragrayhs : 

On all except tests for scientific purposes, the standard form of calorimeter 
shall be one of the barrel type, made of iron or other metal, suitable correction 
for the thermal equivalent of which shall be allowed, In couducting calorimet- 
ric tests the final temperature of the water shall be carried ouly so far above the 


‘temperature of the surrounding atmosphere as the initial temperature is below 
that point. 


3. Amendment to the tabular record, Section XVII. 

Insert between lines No. 19 and No, 20 the foilowing new line : 

Proportion of refuse that fails to pass through a sereen having meshes one- 
quarter of an inch square in the clear. 


copy of his intended discussion in relation to a proposed methiod of 
correcting the results when using a barrel calorimeter to allow for 
tlie specitic heat of the wood in the barrel. It is true that the 


Mr. C. E.. Emery.—Mry. Barrus was kind enough to send me a 
g 


influence of any mass of material may be ascertained from its” 
weight and specific heat, or, as Mr. Barrus proposes, by the change 
such mass makes in the temperature of another mass of known 
weight ; for instance, the water in the calorimeter. 

A correction for the specific heat of the wood in the barrel is 
desirable if its influence is of any considerable moment. Mr. 
Barrus does not fix the amount of the correction with sufficient 
definiteness to prove that it is important. If his experiments are © 
worked out in detail, it will be found that they show superheating 
when the temperature of the entering water is taken before, in- 
stead of after, it enters the barrel. A portion of the increased 
temperature he ascribes to the absorption of heat from the air 
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but he does not state how he determines this amount. I com-_ 
~municated with him, asking distinctly in regard to this, but he 
does not answer the question. Are we to infer since the experi- 
ments by his method will show superheating, that all the heat in 
excess of what he considers ought to have been shown, should be 
-eredited as having been derived from the air ? Unless he explains 
how his correction for the air was obtained we have a right to as- 
sume that both the air correction and the correction for the barrel 
are determined from the same experiments, or else that his data 
are deficient and therefore of no value. Of course if we explain 
the correction the first way, a wide field is opened at once for con- 
ducting calorimeter experiments according to any person’s notion of 
how much heat is derived from the air. By reducing the quantity 
of heat supposed to be derived from the air it is possible to in- 
crease that derived from the steam, as the sum of the two is what 
is shown by the experiments. If this be considered unfair, then 
where is the fairness in assuming that the quantity of heat derived 
from the air would be constant under varying conditions? ‘The 
question arises: What would be such difference when the hose is 
held six inches above the water’s surface compared with that de- 
rived when it is held sixteen inches above it? What would be 
the difference in result when the stream is directed against the 
stirring apparatus or the side of the barrel so as to become dis- 
persed and thereby expose a larger quantity of surface to the air 
compared with that when the stream enters unbroken ? 

The work Mr. Barrus has undertaken is desirable, as all addi- 
tional investigation in relation to physical experiments is desira- 
ble, but certainly in the shape he has left it, no valuable informa- 
tion is conveyed. The wooden apparatus he used for stirring was 
undoubtedly well calculated to absorb water, which, as it was 
heated and cooled, would have something to do with the changes 
of temperature which he describes. It is evidently better to make 
the propeller or stirring apparatus of iron, which will not absorb 
water and which will change temperature rapidly so as to correspond 
to that of the water, and the weight of which can be accurately 
ascertained. Similar considerations apply to the barrel or vessel 
itself which holds the water. It is undoubtedly better to make it 
of metal, as thin as it will keep its shape, to protect it carefully 
with felt or even eider down, if available, as Mr. Hoadley did with 
his calorimeter, and then allow for the weight of metal heated ani 
cooled with the water, according to the rule given in my memo- 


? 
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randa. An apparatus of this kind is somewhat permanent in its 


nature and rather bulky to send to a distance. The results with 
barrel calorimeters, when the experiments are made in the manner 
suggested in my memoranda, have heretofore agreed fairly well 
with the results obtained with more delicate apparatus, and the 
barrel method has therefore been considered sufficiently accurate 
for practical purposes. The absorption of water by the wood of 
the barrel probably makes more difference with the results than 
anything else. In most cases I have used barrels previously em- 
ployed for holding oil or spirituous liquor, and did not suppose 
that there could be any great error in the results, due to the spe- 
cific heat of the wood. I think it would be well thoroughly to oil 
the interior surface of the barrel in any case, so as to prevent the 
absorption of water. 

I trust Mr. Barrus will not be discouraged, but continue his ex- 
periments until he is willing to publish the entire details, and ob- 
tains results which will correspond among themselves. While on 
this subject, I wish particularly to call attention to the necessity 
of publishing all the details of experiments, even those which do 
not appear to conform to others. The ascertainment of general 
laws has been postponed simply from the lack of detail in the ree- 
ords of previous experiments. Full details will frequently aid 
others in tracing a law the underlying principles of which differ 
altogether from preconceived notions. Some engineers think it 
necessary to omit from their records any mention of deficiencies 
in the apparatus used, which might appear to militate against 
the accuracy of the results of the experiments, imagining that 
their own good intentions will excuse such omission. I have — 
known a really capable engineer to furnish an engine-builder 
with elaborate tables of the performance of his engine un- 
der certain varying conditions which were to be tested, without 
any reference whatever in the report to the fact that the boiler 


from which the steam was derived leaked au amount equaling 
some fifteen to twenty-five per cent. of the amount of steam nee 
by the engine. It may be that the method was not very inaccurate J 
for merely comparative experiments, using about the same quan- 


tity of steam in each case; but to say that these particular ex-_ 
periments should be published to the world in comparison with 
others made with other engines, under different conditions, would 
be very questionable, as the absolute amount of water leaking from 
4 boiler when not supplying steam freely, might vary considerably 
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when the circulation of the water was active and the fires burning 
briskly. In any case all conditions should be stated in the report 
sufficiently in detail to enable others to judge of the manner in 
which the experiments were conducted and their general reliabil- 
ity—it being necessary to assume the honesty and good intentions 
of the observer in all cases until the contrary is proven. 

Mr. Kent. —Referring to the note of Mr. Barrus upon the treat- 
ment of unconsumed coal which falls through the grates during a 
boiler test, I am of the opinion that no allowance should be made 
for such coal, but that it should be counted in with the ashes. Ina 
commercial test made to determine the relative commercial value 
of two kinds of coal, it is evident that, other things being equal, 
the coal which, through extreme friability or other cause, crumbles 
into dust and runs through the grates is less valuable in practice 
than one which holds itself up on the grates. If allowance should 
be made for the dust or small particles of such coal which fall 
through the grates, it might lead to an erroneous conclusion in 
regard to the commercial value of such coal. 

If allowance should be made, as Mr. Barrus suggests, it might be 
claimed that allowance should also be made for such unconsumed 
coal as was blown into the chimney by the force of the draught ; 
and also for the heat wasted by carrying too much air through 
the fire. The suggestion that “at the end of the test the 
pieces of coal, whether partially or wholly unburned, that pass 
through a screen having meshes } inch square be classed as ashes, 
and those that fail to pass through such a screen be classed as 
refuse coal” is liable to several objections. Such a treatment of 
the refuse adds another complication to the boiler test, which is 
already sufficiently troublesome, and would not be likely to meet 
general approval by all who have to make boiler tests. Such 
an arbitrary classification of refuse coal and ashes is inaccu- 
rate and unscientific, and the extent of its inaccuracy will be 
different with different coals. 

If a boiler test is made to determine the absolute economy of 
the boiler with reference to its filling a guarantee, it is not fair to 
the purchaser of the boiler to make an allowance for the coal pass- 
ing through the grates, since such coal is actually lost in practice, 
and, if allowed for, the result of the test would be larger than 
could be obtained in practice. If the test is made to determine 
not the absolute economy, but the comparative economy between 
two furnaces, or two methods of firing, or two kinds of coal, one of 
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the elements of value in any particular furnace, method of tiring, 
— or kind of coal, is that of the quantity of coal which goes through | 
the grates. In such case, therefore, it would be improper to allow 


such coal. 


Mr. Barrus’s suggestion to select and screen a sample of the 
ashes, refuse coal and clinkers, instead of screening the whole quan-. 
tity, is also open to the objection that, to select a sample which — 
should be an absolute average of such a heterogeneous mass, which | 
varies in its composition during every hour of the test, would be a 
‘matter of considerable difficulty, and there would always be doubt 
as to its accuracy. 

Mr. Barrus.—In view of Mr. Kent's objections, so far as they 

apply to tests for determining the economy between different 
methods of firing, different kinds of coal, and, it might be added, 

different forms of grates, I would suggest that in tests of this kind | 
the amount of refuse coal that passes through the grates be de- 
termined and the result recorded, but that no allowance be made 
for the same in determining the weight of coal consumed. In_ 
tests for all other purposes, however, and especially in those 
which are made to find the efficiency of the boiler itself, I w ould» 
strenuously urge that the allowance be made for this refuse coal. 
There is such a variety of forms of grates in use on the same 
types of boilers that the matter appears to me an imperative one. 

I must utter my protest against Mr. Kent’s objection that the- 
treatment named “adds another complication to the boiler test, 
which is already sufficiently troublesome, and would not be likely 
to meet general approval by all who have to make boiler tests.” 
The person who finds or expects to make boiler testing anything 
else but troublesome, has had a different experience from mine in 
the matter. We cannot make or expect to make the work easy, 
but we can do the work right if it is worth while to do it at all. 
It is my wish that the code be one which can be referred to, and, — 
as far as possible, followed without qualification. 

The burden of Mr. Emery’s criticism to my note regarding the 
allowance to be made for the specific heat of the wood of a barrel 
calorimeter, appears to be that in my experiments, the heat 
added to the water might be derived to a principal extent from the 
atmosphere. 

I would say that this could not be the case. The 0.5° that is 
given for the heat derived from this source was obtained in the— 
following manner: The barrel was filled to the mark with cold — 
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water and emptied, and this was done a number of times so as to 
abstract all of the heat from the wood of the barrel. The water 
from the supply pipe was then admitted in the same manner and 
under the same vircumstances as described for conducting a calori- 
metric test, the temperature of the inflowing water was observed, 
and, after having been made uniform by working the propeller, the 
temperature was observed of the water in the barrel. This test 
was made again with identical results, and I repeat that the 
heat derived from the atmosphere added 0.5° to the water while 
that derived from the atmosphere and from the hot wood of the 
calorimeter on the main tests added from 2%, to 2,5, degrees. 

I would be glad to hear from Mr. Emery as to how he can ree- 
oncile the close agreement of the two sets of tests, one made 
with a wooden tank with no other allowance than that of using 
for the initial temperature that of the ¢nfowing water corrected 
for the heat derived from the atmosphere, and the other being 
made with a metal tank with an allowance according to his own 
method. 


(ADDED SINCE THE MEETING.) 
Mr. Barrus.—Prof. Lanza has called my attention to a reason 


for the varying results which often oceur in a series of calorimet- 
ric tests, although they all appear to be made in precisely the 
same manner. He suggests that the variations may be eaused by 
changes in the temperature of the steam pipe due to changes of 
pressure. If the pressure is rising when the test is made, the pipe 
absorbs heat from the steam and causes an increase in the amount 
of moisture. If, on the other hand, the pressure is falling, heat that 
has been stored in the metal goes back to the steam and causes 
a decrease in the amount of moisture. Experimental evidence, 
which I will refer to, leads me to believe that this effect may be- 
come a powerful one. I was once engaged in testing the quality of 
steam taken from the exhaust pipe of a 15 horse-power non-con- 
densing engine working with saturated steam. A series of tests was 
made to determine the effect of various back pressures. A high 
back pressure was carried for the first test and subsequently lower 
pressures were tried. In one instance the test with a lower press- 
ure was made directly after the new conditions for that test had 
been established. The result came out very differently from the 
preceding one. There was a large decrease in the amount of 
moisture shown. A little reflection made it plain that the metal 
of the cylinder and exhaust pipe, which had been overheated by 
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the high pressure of the previous trial, had not had time rae assume 
their normal temperature before the second experiment was made. 
-Hene e the variation in the results of the calorimetric tests. 

Mr. Babcock.—The admirable Report of the committee is to be 
commended. It is so complete, and discusses the several points 
so fully that there is little more can be said upon the subject. The 
question of the best method of determining the condition of the 
steam, as to dryness, is one of considerable importance. The ap- 
pendices tothe Report point out some of the difficulties in the way 
of such a determination, and suggest several points to be observed 
in order to secure accuracy. None too great stress is laid upon 
them. With the best apparatus, and the greatest care, it is 
doubtful if even approximately accurate results can be obtained. 
I have plotted a number of series of such tests, and have never 
yet found one in which there were not very erratic results. In sev- 
eral instances the average led to impossible conclusions, as, for 
instance, superheated steam with no superheating surface. Mr. 
Emery has pointed out the possibility of this being due to the im- 
parting of heat from the steam, in consequence of a reduction of 
pressure in the pipe through which the quantity tested was taken. 
Though, theoretically, this is possible, the quantity of heat which 
might be imparted is quite insignificant, and could not materially 
affect the result. 

To show this, let us take the construction used at the Centen- 
nial test, where Mr. Emery first pointed out this possible action. 
The calorimeter was supplied through a } inch pipe inserted hor- 
izontally across the main pipe, and provided with perforations of 
greater area than the pipe, directed toward the current of steam. 
Outside the main pipe an inserted nipple reduced the bore to § inch, 
to regulate the velocity of flow, and at the end of the } inch pipe 
was acommon } inch globe valve, connecting with a 1 inch rubber 
hose which was inserted in the water. The pipe was well felted. 
We thus have two half-inch openings with a chamber between. As 
demonstrated by Prof. Blake, the pressure in the intermediate 
chamber under such circumstances is ¢ the initial pressure, which 
in this case was $5 pounds absolute ; and by Rankine’s ready for- 
mula (,?, = the flow of steam in pounds per second per unit of area 
into a pressure less than one half of p), we find $5 x 4x60 = 58.3 — 
Ibs. per minute outflow for 1 inch area. The area of opening 

the 4 inch valve is 0.5 inch, and the coefficient of such an : 
opening is 0.8; hence 58. 3 0.8 x 0.8= 13.99, say 14 lbs. actual — 
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discharge per minute. What would be the reduction in pressure, 
due to such a flow, within the portion of the pipe inclosed in the 
steam? We have no record of the openings into the pipe, but 
as they are stated to have been in excess of the area of the pipe, 
it is fair to treat it as if the end of the pipe was open. The head 
required to overcome the resistance of the opening, and produce 
the velocity is h = 1.505 29 , and is measured by A = ap h) 
being the difference in pressure per square inch, and /) the den- 
sity, or weight per cubic foot, of the steam. But v = a Sd 
being weight delivered per second, and @ = area of opening in 
square feet. Substituting and reducing, we get os 
We 

or, when JV is weight per minute, and a is expressed in square 
inches, 

5 = .000933 
Die? 
The true area of a “}” inch pipe is 0.553 sq. inches, and the 
weight per cubic foot of steam at 85 Ibs. is 0.198. IV, we have 
seen, is 14. Substituting we find 6 = 3.25 lbs. loss of pressure, 
equal to a difference of temperature of 3° between the steam in 
main pipe and that in the calorimeter pipe. 

If this latter were filled with water, it would transmit thereto 
330 heat units per hour per square foot, internal surface per de- 
gree difference of temperature. It is not probable that it would 
do the same to steam, but we will assume thatit may. Ifthe pipe 
projects into the steam 6 inches, its internal surface would be ?,',° 
=.108 sq. ft. and -1°**33°*3 — 1,782 heat units, transmitted to the 
steam per minute. But the 14 lbs. steam discharged per minute 
represent 14 x 1178 = 16492 heat units, and 4,87, = .000108, 
or ;},5 of 1 per cent. possible superheating. 

In this caleulation I have made no account of the effect of fric- 
tion in the pipe, which would modify it somewhat, but only to re- 
duce the quantity delivered, and therefore the proportional super- 
heating; for the quantity varies directly as the velocity, while the 
head, and consequent difference of temperature, varies as thie 
square of the velocity. 

But this almost infinitesimal amount of superheating would be 
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- more than lost before the steam reaches the barrel of the calori- 
_ meter, by radiation from the pipe, be it ever so carefully felted. — 
A } inch pipe, covered with 1 inch wool felt, and canvased, | 
_ will lose 24 heat units per hour, per foot run. If we assume that 
_ this pipe was 10 feet long, which is probably a fair average, the | 
would be = 4 heat units per minute, or ; +499 = 2.24 
_ times as much as the possible superheating. It will be necessary, 
therefore, to look somewhere else for the cause of a calorimeter. 
test showing superheating, where such a result is impossible, . 
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PROCEEDINGS 


ATLANTIC CITY MEETING. 
XIth. 


LOCAL COMMITTEE OF ARRANGEMENTS :—Wm. Kent, Chairman; H. C. 
Francis, 8S. A. Hand, F. R. Hutton, 8S. T. Williams. 


First Day. 


THE meeting was ealled to order at eight o'clock, on Tuesday 
evening, May 26, by Mr. Hand, who introduced Mayor Maxwell 
of Atlantic City. He made a brief address of welcome, as follows : 


Mr. President and Gentlemen :—The pleasant duty has fallen 
upon me to say a word of welcome to you on your first visit as an 
organization to Atlantie City. I feel free to say for our city that 
she feels proud that she has been selected as the spot in which 
you deliberate for the interests of your Association for the year 
1885. We are glad that you are here, for the reason that we are 
anxious to promote the welfare and interests of our sea-side home, 
and we expect that your presence and deliberations in reference 
to the science of which you are the representatives will be of some 
political benefit in improving if possible our sanitary condition. 
The gods help those who help themselves, and while we appre- 
ciate the fact that we are surrounded by pure air and other neces- 
sary adjuncts to good health, we recognize the necessity of seizing 
upon every possible means for assisting the forces of nature in 
maintaining unimpaired the high estimation in the minds of the 
people we have possessed as a healthful resort. I might be 
pardoned, perhaps, were I to refer to the many excellences con- 
centrated around Atlantie City. I might refer to our dry atmos- 
phere, excellent bathing, fishing, gunning and sailing facilities, 


. 
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schools, churches and benevolent associations, our sea-side 
homes, memorial homes, our fair women and brave men; but I do— 
‘not propose to inflict upon you a speec th. I shall leave all these 
to be personally examined by yourselves and await with confidences 
your verdict, satisfying my self in extending to you all, ¢ iheslindy: 
and individually, a hearty welcome to our city, and expressin; g 
the hope that your stay among us may be pleasant and profitable’ 
to you and of benefit to our goodly city. 


The President responded as follows to the address of welcome : 


President [Holloway :—Whule it is my good fortune to reply to. 
the very hearty and generous welcome with which your slated 
hi as been pleased to greet us, on behalf of your citizens and your- 
‘self, it is the ill fortune of our Society, that this duty has not 
fallen upon one better fitted for its accomplishment. This gather- 
ing of our members at a noted sea-side watering-place, ter the 


purpose of holding a meeting, is a new departure in our history. 


| It has been our practice in the past, when we were able to devote 
a few hours to business and recreation, to seek some spot abound- 
ing in smoky chimneys and dusty thoroughfares, where, sur-| 
rounded with rumbling wheels, roaring blast and hissing steam-_ 


pipes, we preceeded to enjoy ourselves by climbing up and down 
cinder-heaps, tumbling over scrap-heaps and piles of pig-iron 
or rails, half blinded with the glare of roaring furnaces, and nearly 

melted by their heat. We came to the close of the day, begrimed | 
with our eniailinan, wilted as to our attire, but full of the con- 
viction that we had been having a delightful picnic. 

From what you have been pleased to say to us, and from what 
we have been able to observe since our arrival, it is evident th: at 
no such picnic awaits us here. So for the time being the Mechan- 
ical Engineer will have to forego his usual experiences, and as- 
sume, for the present at least, the new and doubiless to many 

the untried character of a lounger by the seashore, a tide-waiter 

at the beach. But, sir, knowing as I do, the unbounded resources — 

of the gentlemen you see before you, I have no hesitation in as-— 

suring you, that they will readily adjust themselves to their sure 

- roundings, and that with the hearty weleome which they have 

“received, will in no great length of time, prove equal to any emer-| 
gency that may arise. 

I have heard with much interest and satisfaction of the merits o 
your city as a winter resort, and I may say that if the warmth of 
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your climate then, equals the warmth of your welcome now, At- 
lantic City must be a good place to come to at all times. 

Thanking you in behalf of those present, for the kind words 
you have spoken at this, our opening meeting, I will only add, I 
sincerely hope that during our stay among you, many pleasant 
acquaintances may be made on both sides, and that at the close 
we shall leave with you, as I am sure we shall take away, pleasant 
memories of the Atlantic City Meeting of the American Society 
of Mechanical Engineers. 

Instead of presenting one of the papers at this session, the even- 
ing was spent in discussing two questions presented by the Com- 
mittee on Queries. Messrs. Bergner, Towne, Root, Kent, Green, 
Sweet, Babcock, Walker, Partridge, O. Smith, Stratton and the 
President took part in the remarks made in answer to the ques- 
tion: “* Are welded boilers and flues stronger and stiffer than riveted 
work, and have they merits and defects not found in riveted 
work?” ‘The second question was in regard to the relation ex- 
isting, as determined by experience, between the surface speed of 
a bearing and the pressure which it will sustain. Messrs. Towne, 
Babeock, Durfee, Hamilton, Bancroft, Green, O. Smith, Kent, 
Walker, A. H. Emery, Lewis, Hawkins, Sweet, Stratton, and the 
President spoke upon it. These discussions are given in full un- 
der an appropriate heading among the papers of the meeting. 
After announcements by the President and Secretary, the session 


adjourned for a social reunion of the members present. 


Lod 


Seconp Day. 
The meeting was called to order at ten o'clock a.m., Wednes- 
day, May 27, in Bartlett Hall, by President Holloway. The Secre- 
tary’s registers showed the following members in attendance at 


the sessions: 


Babcock, Geo. H. New York City. 
Baldwin, Stephen W............. New York City. 
Bailey, Jackson New York City. 
Bancroft, J. Sellers ...-.»Philadelphia, Pa. 
Barrus, Geo, Boston, Mass. 
Beardsley, Arthur Swarthmore, Pa. 
Bergner, Theo Philadelphia, Pa. 
Bond, Geo. M Hartford, Conn. 
Cheney, Walter L Hartford, Conn, 
Colwell, A. W New York City. 


| 


Couch, Alfred B Philadelphia, Pa. 
J Rochester, N. Y. 
Pottsville, Pa. 
Douglas, E. Philadelphia, Pa, 
Durfee, W. F Bridgeport, Conn. 
Emery, Stamford, Conn. 
Geer, James Johnstown, Pa 4 
Gill, Joba L., Pepi Pa 
Good, Ww m. E Reading, 2h 


Hamilton, 
Hand, S. Ashton 
Hawkins, John T Taunton, Mass. 
Philadelphia, Pa, 
Hollingsworth, Sumner..... ...................Boston, Mass, 
Holloway, J. F., President Cleveland, Ohio. 
Del. 


Y. 
‘Philadelphia, Pa, 
Parker, Walter E ..... Lawrence, Mass. 
Philips, Ferdinand Philadelphia, Pa. 
‘Pusey, Chas. W Wilmington, Del. 
Root, John B..... Greenpoint, N. Y. 
Scbulmann, Ge feading, Pa. 


See, Horace Philadelphia, Pa. 


Smith, Geo. Providence, R. I. 
Smith, Oberlin Bridgeton, N. J. 
‘Snell, Henry J Philadelphia, Pa 

- Spies, Albert New York City. 

srry, Chas Port Washington, N. Y. 
Stratton, E. Platt College Point, N. Y. 

Sweet, John E : syracuse, N. Y. 
Thompson, Erwin W Thomasville, Ga 
Thorne, Wm, Philadelphia, Pa. 
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Towne, Henry R Stamford, Conn. 
Walker, John Cleveland, O. 
Webb, J. Burkitt Ithaca, N. Y. 

Whiting, Chas, W Pottsville, Pa, 
Whiting, 8. B Pottsville, Pa. 
Wilder, Moéses G. Philadelphia, Pa. 
Williems, Samuel T Tacony, Phila., Pa. 
Williamson, Wm. C Philadelphia, Pa. 
Woodbury, C. J. Boston, Mass, 


The Secretary read the following report from the Council to the 
Society : 


REPORT OF THE COUNCIL TO THE AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS. 

The membership has already been advised, by cireular and 
otherwise, of many of the decisions of the Council since the last 
meeting. The notice as to the collection of dues, etc., through the 
Secretary's office, as to the discussion of topics without previous 
reading of a formal paper, as to the change in the address of the 
Society’s headquarters, have all been the result of decisions of 
the Council. The instruction of the Society in reference to 
official and individual memorials as to reform in the Patent Office 
have also been duly carried out. 

The Council has held six meetings for the transaction of busi- 
ness since last November. The standing committees have reg- 
ularly reported and their action has been confirmed, and the 
duty of serutinizing applications for membership has been care- 
fully performed. 

The committee on standards for method of test and of sizes of 
test specimens has been appointed as directed by the Society, and 
consists of Messrs. Egleston, Henning, C. H. Morgan, Thurston, 
and Towne. A committee has been appointed to confer with 
similar committees of other Engineering Societies in reference to 
a plan for a Joint Library for the use of the several Societies. 
This committee consists of Messrs. Stirling, Durfee, Trowbridge, 
Oberlin Smith, and Partridge. 

The Council has passed the following resolutions : 

Resolved, That no description of any engineering or mechanical device or 
methods shall be accepted to be read at any meeting of this Society unless the 


same shall have been approved by successful use. But this restriction may in 
any case be waived by a unanimous vote of the Publication Committee. 

Resolved, That the time allotted to any member for the reading or presentation 
of a paper at any meeting of the Society be limited to a time not exceeding fifteen 


4 


‘shall submit it by a condensed abstract or digest. 


Provided, however, that this — 


Tule may be suspended as to any paper by a majority vote of the members pres- 


ent at such meeting. 


The Council would submit the following report of members — 


New York, May 22, 1885. 


The undersigned who were appointed a committee of the — 
Council to act as tellers to count the ballots cast for or against 
each of the persons proposed for membership in the Society of — 
~Mechaniecal Engineers, to be voted for previous to the spring. 
meeting, 1885, hereby certify that we met this day at the office 
_of the Society and proceeded to discharge our duties. 

There were cast in all 314 ballots, but five ballots were thrown 


out because of informality, the name of the member voting not 
having been affixed, and all the persons whose names appear on 


the ensuing list were duly elected in accordance with the Rules to 


their respective grades : 


AITKEN, ROBERT W. 
ALLDERDICE, W., II. 
ASHWORTH, DANIEL. 
BARNES, PHINEHAS. 
BARR, J. N. 
BAssETT, NORMAN C, 
BILGRAM, Hugo. 
BULKLEY, Henry W. 
CREELMAN, W. J. 
CROUTHERS, JAs. A. 
DaGron, JAs. G, 
Davis, Isaac 
DEBEs, J.C. 

De Kinp_er, J. J. 
Wo. H. 
FELTON, EDGAR C, 
Frick, A. 
GRISWOLD, FRANK L. 
Jas. T. 
HAYES, GEO. 
HENDERSON, ALEX. 


BEACH, CHAS. 8, 
Foster, ERNEst 
Moore, W. J. P. 
Parsons, H. Dr B. 
ROMMEL, C. E. 


MEMBERS. 


| 


«JUNIORS. 


HERMAN, LUDWIG. 
Ho.LBRook, 
Hyper, Cuas. E; 
INSLEE, Wm. H. 
JACOBI, A. H. 
JENKINS, JOHN. 
KELLY, O. W. 
LAWRANCE, J. P. 8. 
LIVERMORE, CHAs. W. 
MARTENS, FERDINAND, 
Muck, M. R. 
PERKINS, Geo. H. 
PHILIPS, FERDINAND. 
PorTeRr, CHaAs., JR. 
ROBERTs, EDWARD P. 
Roprnson, J. M. 
RUMELY, W. N. 
SCHLEICHER, ADOLPH, 
SMITH, C. A. 
SWEENEY, Jonn N. 
WEBSTER, JOHN H. 
WELLS, J. LELAND. 


Scott, FRANK A. 
TORRANCE, K, 

Van Duzer, H. 
CHAs, W. 
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PROMOTION TO MEMBERSHIP. 
H1GGIns, Sam’L, Junton, A. S. M. E. 
ASSOCIATE. 
a 


4) 


Emerson, B. 


(Signed), Wa. LEE Cuvurcn, 
Cuas. C, WORTHINGTON, 
Tellers. 
Since the first of January the deaths of the following members 
have been reported : 
J. Hi. Burnett January J, 1885. 


The addition of the above names makes the roll of membership 
of the various grades of the Society as follows : 


Honorary Members......... 


Total 
Respectfully submitted, 
In the absence of the Treasurer in Europe, the following state- 
ment of the finances of the Society was presented : 


REPORT FROM THE FINANCE COMMITTEE, May 25, 1885. 
The following report of the finances of the Society is herewith 
presented : 


Balance received from C. W. Copeland, retiring Treasurer, 


Ve 
November 7th, 1884 .-- $751 03 


receipts to date 236 80 


Si 


$7,987 83 


The above balance includes the sum of $559.40 which has been 
contributed towards the Library Fund, and has been deposited 
drawing interest in a savings bank. There is still due to the 
Society from the membership the sum of $773.49, and the initia- 
tion fees and dues of the members elect amount to $1,310, pay- 
able within the present fiscal year of the Society. 

24 


Ara 

| 

539 
24 
30 
| 
Total disbursements to date............... $6,066 25 
Balanes 
@ 
} 
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An earnest request is made that the gentlemen who have not 
yet made their payments to the Society which were due last 
November, will lose no time in remitting the sums due from them. 

The expenses for the rest of the year will make a heavy drain 
upon the balance standing to the credit of the Society. 

Presented by, 
F. R. Hvurron, Secretary. 

On behalf of the standing committee of the Society on the 
Library, the Chairman, Mr. Towne, made the following report : 

Mr. Towne.—My. Chairman, on behalf of the Library Commit- 
tee I can simply say that the project has opened very satisfac- 
torily. There have been responses, from quite a large portion of 
the membership, to the circular that was sent out inviting sub- 
scriptions, so that at present there is to the credit of the Library 
fund, as has just been stated by the Secretary, $559.40. This has 
been contributed by 112 members, and if the whole membership 
will respond in a similar manner during the coming year, the fund 
will grow rapidly and satisfactorily. I would like to remind the 
members present that the plan provides for continuing subserip- 
tions, to be paid annually, and while probably a majority of the 
members may not be disposed to make large contributions at any 
one time, certainly a great many can afford to give one or two or 
three dollars a year in addition to the present low dues to the 
Society. If this is done, the total amount we shall get in that 
manner in the course of a few years will give a very satisfactory 
foundation for our Library. At present the Society aecommoda- 
tions make no provision for the storage of any large library, but 
it is hoped that before our fund grows to a point which will make 
that a pressing matter some solution will have been found of the 
question of a Library site and building. In the mean time the 
books that are received and that may be purchased will be kept 
at the Society rooms in New York. The Library project contem- 
plates, you will remember, the providing of books for circulating 
among members out of the city. In brief, the proposal is that 
there shall always be a full set of the Society's books in the Library 
in New York, and that valuable books or rare books shall not 
be taken from it, except by a vote of the council, I think ; but that, 
in addition, if it seems the desire of the membership, there shall 
be provided duplicate or triplicate copies—any required number 
—of books of frequent reference, which shall be available for the 
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whole membership, and can be called for from any point and sent 
from the Library to any member, to be kept by him a reasonable 
time and then returned. In that way the benefit of the Library 


will be made co-extensive with the membership. 

In regard to the finding of permanent quarters for the Library, 
I may state that several meetings have been held of the joint 
conmunittee of this Society and the American Society of Civil En- 
gineers, which committees were appointed to confer together with 
regard to the question of providing a joint library for the Engi- 


neering Societies. At the last meeting of that joint committee 
there were present by invitation representatives of the Institute 
of Mining Engineers and of the new Society of Electrical Engi- 
neers, ind the project I perhaps ought also to say, is very cordially 


| 
« 
entertained by the other society—the Society of Civil Engineers. - 


On the part of the Mining Engineers there is no reason why it 
should not be cordially entertained, as they at present, like our-_ 
selves, are without any library or permanent place for one. I 
think every one who has considered the subject at all is heartily 
in favor of and desirous of seeing carried out, a plan whereby 
the whole Engineering fraternity of the country can be brought 
together in one building, which shall be the engineering head- 
quarters of this country ; and all, of course, agree that New York 
City is the proper location for such a building. At present the 
fact that the Society of Civil Engineers has a building, and has 


quite a large library, makes it a little difficult to say just how the 
younger societies should unite with them without making, at 
the outset, some contribution which shall be proportionate to the— 
value of what the Civil Engineers already have; but probably 
some solution of this question canbe found. In general the propo- 
sition, so far as it has been discussed in detail at all,is that the 
building shall be locatedin the upper part of New York City, 
somewhere between Twenty-third and Forty-second streets, near 
Broadway or Fifth Avenue, and that the first effort should be to 
find some capitalist or capitalists who may be willing to furnish 


the money required for erecting such a building on the assurance 

of a reasonable return on the investment. This may require some _ 
guaranty provision on the part of the associated societies. A _ 
building in that part of the city, with accommodation adequate — 
for all of our societies, and with proper utilization of the land, which 
would include a building with stores in its lower part and with 
other rooms for rental in the upper part, would be so much beyond | 
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the financial possibilities of any or all of the societies, that such a 
plan can only be carried out by the aid of outside capital; but that 
capital may be available if itis clearly proved that the investment 
would be a paying one. To erect sucha building in that location 
it is estimated would involve an expenditure of anywhere from a 
quarter to a half of a million dollars; but the accommodation in 
it would not merely suffice for the uniting societies, but would also 
give a good deal of other room which could be rented, and which 
would contribute to the revenue. If such a building were designed 
at present the purpose would be to have in it a suitable meet- 
ing hall, which should be available for any of the societies at the 
time of their annual or other meetings, a library hall adequate to 
contain the contemplated library and its additions, which would 
also be available to the membership of all the societies, and, in ad- 
dition, a proper suite of rooms for each society, which would be their 
head-quarters, and where the secretary of each would have his of- 
fice, and its business be conducted. After providing for all of these, 
a building of the height that it is now customary to erect in New 
York, and covering the area that would be needed, would contain 
also provision for three or four stores, and for a large number of 
rooms or offices to be rented to other parties, unless, as has also 
been suggested, the whole building should be applied to society 
purposes, and after providing for the Engineering Societies, the 
remaining rooms be rented to some of the other Scientific societies 
having their head-quarters in New York, such as the Geograph- 
ical and Historical. There are a large number, | believe some- 
thing over a hundred in all, of societies of that kind in the city. 
All of this is, of course, looking a good way into the future, and 
yet it is looking toward what I think we may hope to see within a 
reasonable time. The committee can simply report progress at 
present in this matter of joint action, and as to our own library 
fund we report, as I have said, satisfactory progress for the past 
year, and urge that the membership should all join in contributing 
to it, in no matter how small amounts, and preferably by the 


method of annual subscriptions rather than by one subscription of 


a somewhat larger sum which would terminate the assistance of 
that particular member to the project. 

At the conclusion of these reports, the Report of the committee 
of the Society on A Standard Method for Conducting Steam 
Boiler Trials was presented to the Society for its action upon it. 


| 
Mr. Towne presented the following resolution : — i 
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Resolved, That the report of the Committee on Boiler Tests be accepted and 
the Committee discharged. 

Resolved, That in accepting this report the Society hereby extends its thanks 
to the Committee for the very full, careful, and intelligent consideration which 
it has given to the important matters committed to it, and for the thorough and 
complete manner in which it has embodied the results of its labor in the report 
hereby submitted, which latter will prove of great interest to all engaged in 
steam engineering. 

The resolution was carried, and the Report came before the 
Society for discussion. Prof. Trowbridge and Mr. Barrus had 
forwarded remarks which had been printed, and these as amended 
appear under number CLXVIII-A of this volume of Transac- 
tions. Messrs. Kent, Root, Webb, Babcock, Emery, and DBarrus 


took part in the discussion as to the recommendations of the 
committee in reference to Standard Units. In closing the debate, 
Mr. Kent, as chairman of the committee, presented the matter of 
having the Society officially adopt the code and unit of boiler- 
power proposed by the committee by means of a letter-ballot. 
This suggestion brought on a prolonged discussion as to the poliey 


of the Society in adopting any action suggested by a committee 
in this way. It has been thought advisable that this discussion 
should be printed in full in an appendix as putting on record the 
policy of the Society in this matter. While the trend of the dis- 
cussion was decidedly favorable to the Report, yet the prevailing 
sentiment was averse to the formal adoption of it, as a matter of 
precedent and policy. The discussion was closed by the passage 
of the following motion presented by Mr. Durfee : 

Resolved, That the Report of this Committee and the discussion thus far 
thereon, be printed in the next volume of the Transactions, and that further dis- 
cussion of the Report be dispensed with, and the whole subject of its adoption 
by the Society be laid upon the table, 

This motion was duly seconded and carried, the discussion 
having run over into the second session of the day. 

At the close of this discussion, the Secretary read the paper, 
“ Notes on the Steam Stamp,” by Fredk. G. Coggin, of Lake Lin- 


den, Mich. Messrs. Couch, Sweet, A. H. Emery, and O. Smith ; 


took part in the discussion. 


me. T. W. Hugo's paper on * Belts as Grain Conveyers,” elicited 
discussion from Messrs. Kent, Holloway, Babcock, Thompson, A. 


H. Emery, Dodge, Stratton, Couch, and O. Smith. 
The paper by Mr. W. E. Ward, “ Early Experiences in the Flow 
of Metals,” elicited discussion from Messrs. Durfee, A. H. Emery, 


Dodge, Hamilton, Kent, Hawkins, O. Smith, Webb, Babcock, © 


| 
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Towne, Walker, Partridge, and Stratton. At the close of the 
discussion before adjournment, the President announced the ap- 
pointment under the Rules of the Committee to nominate officers 
of the Society, to supply the places of those whose terms of office 
expire November, 18.5. That committee consisted of 7 

J. Sellers Bancroft Phila., Pa. 

Geo, Barrus... Boston, Mass. 


Homer Hamilton Youngstown, O, 


Geo. H. Smith Providence, R. I. 


a After some announcements by the Secretary, in reference to 


the evening and tie following day, and in reference to special 

facilities for visiting Absecom Light-house, the session adjourned. 

Wednesday evening, a reception and reunion of the members and 

their ladies was held in the Hall. A number of the residents were 

invited, and refreshments were served at about ten o’clock. Music 

and humorous recitations were a pleasant feature of the evening. 

The morning session, Thursday, May 28th, was called to order 
at ten o'clock. Mr. Kent presented his paper on “The Torsion 
Balance,” which was illustrated by samples of scales as now made, 
and by an illustrative one made by the author without facilities 
for such work. Messrs. Emery and Hawkins took part in the 
discussion which followed. 

Mr. Stirling’s paper on “Shell and Water-Tube Boilers” was 
read, but discussion on it was deferred until the afternoon to allow 
Prof. G.I. Alden’s paper on “Technical Training at the Worcester 
Free Institute” to be read and discussed. On the subject of Tech- 
nical Education for engineers which was thus opened, Messrs. 
Webb, Kent, W. R. Jones, Partridge, Emery, Dodge, Stratton, 
Babcock and Green, spoke at some length. 

The discussions on the papers so far presented had been so 
copious that but a few of the papers on the docket had been 
reached. Itwas therefore proposed that an extra session be held 
on the afternoon of Thursday for reading and discussion of papers, 
although this half-day had been set apart for an excursion hy 
boat on the Inlet. This motion duly presented was carried, ani 
the extra session was ordered. The ladies and some of the gen- 
tlemen carried out the original plan and went on the excursion, 
but the professional session was also a success. 
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- In the afternoon session, Mr. Stirling’s paper read in the morn- 
ing, received discussion from Messrs. C. E. Emery, See, Towne, 
Kent, Durfee, A. H. Emery, Bancroft, Stratton, Dabcock, Root, 

and W. R. Jones. Owing to the pressure of business, Mr. Stirling _ 

was to be allowed to append his rejoinders in writing to the re- 

‘marks in disenssion,. 

Mr. Hawkins.—Before reading the next paper I would like to. 
ask a question for information. I expected to take a little part in 
the discussion this morning with reference to technical education. 

T had oceasion to decide that problem for myself about what to 

* with a boy and I made some Tittle j investigations into that sub- 

‘ ject. I would like to know if it is in accordance with the rules of 

~ the association to publish in the Transactions remarks that were 

expected to be made but which were not made for lack of time. 

If such be the case I should like to contribute some remarks on 
that subject. 

The Secretary.—1 would answer Mr. Hawkins’ question by say- 
ing that the Publication Committee have allowed the widest 
latitude in that respect. Where a gentleman submits remarks of 
which he has given due notice at or before the meeting, the com- 
mittee receives them, and where no rejoinder is required, those re- 
marks are usually allowed to appear in the printed Transactions. 
They are declined, however, if anything in them would necessi- 
tate rejoinder from other participants in debate. The Secretary 
will be very glad to receive under these restrictions any amplifi- 
cation of discussion which the members feel inclined to send in 
for which no time was afforded at the meeting. 


Mr. Towne.—1 simply wish to add that this practice is very 
customary in the English Society, and it is a very desirable one. 


It is often the case inthe English proceedings to see the discussion 
of papers by members who were not present at the meeting and 
from foreign members who could not go to any of the meetings. 
No discussion about any topic is apt to suffer from its reduction 
to writing instead of being stated orally at the meetings. So I 
think in every way it is desirable to encourage participation in 
debate by filing written papers. 

The Secretary.—lt has been proposed that the paper on the 
‘Finance of Lubrication,” by Prof. Thurston, and the paper on the 

“Power required to Drive Shafting and its C ost, ” by J. T. Hen- 
thorn, should be read and discussed together. ; 

The Secretary read both these papers. 
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Mr. Barrus read his discussion on the latter paper, and Messrs. 
Emery, Bancroft, Babcock, Hawkins, Sweet and Thompson took 
part in the joint discussion which followed. Mr. 'Thompson read 
his paper on the “ Manufacture of Cotton-seed Oil,’ Messrs. Kent, 
Barrus, Babcock, O. Smith and C. E. Emery taking part in the 
discussion. 


In the evening of Thursday, the subscription banquet was held 


at the Colonnade Hotel, and was an enjoyable occasion. vrs 


Fourra Day. jl-« 

The sixth, and closing session, was held on Friday, May 29th, at 
ten o'clock. Mr. Weightman’s paper on “The Oxidation of Metals 
and the Bower-Darff Process” was read first, and Messrs. Green, 
Davis, Woodbury and Towne discussed it. Messrs. Kent, Bab- 
cock, Barrus, Halloway and Partridge discussed the paper by Mr. 
J. W. Anderson on “ The Adaptation of a Steam Generator for 
Warming Dwellings.” 

The paper by Mr. G. C. Henning on “ Apparatus for Use in 
Testing Materials ” elicited discussion by Messrs. Kent and Bond. 
Mr. Emery’s paper on “A Polar Planimeter ” received no discus- 
sion. 

Mr. J. C. Hoadley had presented a very complete and exhaus- 
tive report on a series of tests made to determine the efficiency of 
an apparatus for supplying warm blast under a steam boiler fur- 
nace, utilizing the heat of the waste gases. This paper was too 
full and elaborate for advance publication but was presented in 
abstract. Messrs. Towne, Barrus, Woodbury and Babcock spoke 
after its presentation, and Mr. Towne presented the following res- 
olution which was duly seconded and carried : 

Resolved, that the thanks of the Society are hereby tendered to the corporations 
enumerated below uniting in the tests reported by Mr. Hoadley for their liberal- 
ity in permitting, the publication of the results arrived at. The thanks of the 
Society are also due to Mr, Hoadley for the exceedingly valuable nature of the 


Report in which he has embodied the results of so much work. The corpora- 
tions are : 


.. Lawrence. 
Boston M’f’g Co Waltham. 
Naumkeag Steam Cotton Co ....Salem, 
Atlantic Cotton Mill Lowell. 
. Lowell. 
Great Falls M’f’g Co.... Great Falls. 
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D. 8S. Warren & Co Cumberland Mills, 
Merrimack M’f'g Co Lowell. 
Lowell, 


At the close of the Docket of Papers, the remaining questions 
on the list of the Committee on Queries were presented. 

Messrs. Walker, See, Kent, Sweet, and Davis presented facts 
as to the relation of pitch to the linear speed of gear. 

Giving facts in reference to the relation of heating surface to 
volume to be heated, Messrs. Towne, Barrus, Kent, Partridge, 
Walker, Geer, Durfee and Woodbury spoke. 

The question as to where to put a dome on a locomotive boiler 
elicited no responses. 

Messrs. Thompson, Kent, Partridge, Davis, Towne and Wood- 
bury spoke in reply to queries as to the best system for catalogu- 
ing and indexing information and pamphlets. 

On the query, How fast do steel springs open and shut on the 
release of their load, Messrs. O. Smith, Babcock and Bancroft 
spoke, up to the hour of adjournment. 

After a few closing remarks by the President, referring to the 
success of the meeting, and the probability of the next session 
being held in the city of Boston, the motion to adjourn was put 
and carried, at one o'clock. 
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CLEA. 
NOTES ON THE STEAM STAMP. 


BY FREDERICK G. COGGIN, CALUMET AND HECLA MILLS, LAKE LINDEN, MIC H. 


Tue steam stamp was evidently an offspring from the steam 
hammer, the first idea of which seems to have come from the fer- 
tile brain of James Nasmyth in 1836. Twenty years elapsed, 


however, before the idea was first adapted to the purpose of 
stamping rock, by Mr. Wm. Ball of Chicopee, Mass., who was the 

first to introduce the steam stamp. 


It would be interesting to trace the history of the steam stamp 
through all the changes of the next twenty-eight years from the 
first Ball Stamp of 1856. This was a crude machine, wasteful of 
fuel, witha stamping capacity of scarcely fifty tons per twenty-four 


hours, while the Leavitt Cut-off Stamp of to-day has an average 


capacity of 230 tons of conglomerate rock per twenty-four hours. 
Unfortunately for this early history, Mr. Wm. Ball has passed 
away, and it cannot be expected that a great deal of the desirable 
material which remains in the hands of his son, Mr. E. P. Ball, 
will ever be contributed to the stock of knowledge in this field. 
We must therefore be content with what data we can get, through 
the memory of those still living who were familiar with the con- 
struction and operation of the first stamps, and who have had ex- 
perience with the improvements from the beginning up to the 
present time, and were witnesses of them. 

In May, 1856, Mr. Wm. Ball took out his first patent on a steam 
stamp, Fig. 89 being a reproduction of the Patent Office drawing. 
His only claim was the long counter-bore a, into which the piston 
passed, when from any cause the stamp shaft dropped too low, allow- 
ing the steam to pass by it so that the stamp would stop. The 
counter-bore a’, at the top, was designed, as he specifies, “in order 
that the piston may not be subjected to unequal wear.” These 
recesses will be referred to further on. 

The first stamps of Mr, Ball’s design were made by the Ames Manu- 
facturing Co. of Chicopee, Mass., for Commodore R, F. Stoekton, 
for his mine in South Carolina, several of them being sent there in 
the latter part of 1856. The cylinders were 9” in diameter with a 
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stroke of 24 inches. The stamp shaft was 6 inches in diameter, 
having an offset foot locally dubbed a “ sheep’s foot” (Fig. 90). 
Figs. 91 and 92 give the shape of the shoe and method of attach- 


Fig.90 


SIDE ELEVATION 


Zz 
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Fig. 89 Fig.91 


ment. The former has been changed, but the latter is the same 
to-day as then. It is both simple and effective. 


The valve gear was driven independently of the stamp, and seems 
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to be peculiar to the Ball Stamp, no material change having been 
made in it since the first. 


Its arrangement is shown in Fig. 93, in which C is an ordinary 


eccentric cam, connected 
directly with the valve 
stem. The cam shaft is 
driven by the eccentric 
gears BB, a being the 
driving-pulley, and the 
throw, e, of the cam is set 
ata right angle with D D, 
on the tangent diameter of 


the gears. This gives the 
valve its slowest motion 
when the cam is up, as 
shown, and the quickest 


motion when it is down— 
motions corresponding 
somewhat with that of the 
stamp. The throw and 
travel of the valve are such 
as to give a wide port at 
the top for the down-stroke, 


but only a partial opening 


at the bottom for the up- 
stroke—in present practice 


6 


about of an inch. Fig. 


94 shows the shape of the 


first mortars, which were 


east very thick, having no 
liners or die at the bottom. 
The rock was fed into a 
hopper, water being ad- 
mitted into the urn at the 


top, and the stamped ma- 

terial was carried through the screen which was upon one side only, 
extending about one-quarter round the mortar. The screen was 
usually 4” thick, punched with }-inch round holes. The stamps 
were usually set up in pairs, the valve-gears of both being driven 
by one shaft so as to give alternate blows. Stamps set up this way 
are still running in Houghton, Michigan. With 75 as the usual 
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number of blows per minute, and 80 Ibs. the usual steam pressure, 
the capacity of each stamp was about 50 tons of rock per twenty- 
four hours, dependent, however, upon the character of the rock. 
Originally the stamp shaft was rotated by means of a gear and 
pinion, but this was superseded by a chain running round a sprocket 


wheel on the shaft, this method being the subject of a patent by 


4 


Fig.94 


Mr, Ball in 1867. This in turn was superseded by a belt, that 
being the present method. 

The first shoes, as shown in Figs. 91 and 92, were about 12 inches 
wide, 15 inches long, and 6 inches thick, weighing about 300 lbs. 
They were cast of hard iron but not chilled. The weight of the 
anvil under the mertar was about 8 tons, and that of the reciprocat- 
ing part, including the shoe, about 2,000 Ibs. The stamp frame and 
sills were made of wood. Stamps of the above description were 
sent to the Copper Falls Mine in 1857, to the Pewabic in 1859, and 
to the Franklin in 1860—all in upper Michigan. Little or no im- 
provement was made upon any of them until 1865, when, repairs 
being necessary at the Franklin, quite a number of improvements 
were made, some of which were suggested by those who had had 
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experience with the old stamps, but which were covered by patents 
taken out by Mr. Ball in 1867. The steam cylinder was increased 


from 9 to 12 ine thes in diameter. The “ sheep’s-feot ” stamp shaft 


Bolt Bed 


| 


was superseded by a straight shaft, 8 inches in diameter, the — 


of the shoe being changed to give parallel sides and circular ends, as 
500 Ibs. From 


Fig.95 


per Fig. 97, the weight being increased to about 
that time to the present the shoes have been made in a chill, and | 
_ the same form is still used, but increased in size and thickness. 


~The mortar was also changed to the shape shown in Figs, 95 and 
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96, this shape being still used. Fig. 95 is a longitudinal vertical 
section, and Fig. 96 a back elevation. This mortar is lined through- 
out, the die, ring and staves, e, being cast of hard iron and chilled. 
The sereen surface was quadrupled. The depth of the mortar be- 
low the screen was increased, and the position of hopper changed. 


i 


The sills, which were made of wood, were changed to iron. Here- 


tofore but three spring timbers were used, but seven are now put 
in, the same number and size being still used. They are 14” wide, 
18” high, the best white oak showing the greatest fatigue. 

All these changes conspired to bring the capacity of the stamp up 
to about 100 tons of rock per twenty-four hours, and left the con- 
struction of the stamp as shown in Figs. 98, 99 and 100, from 
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THE 377 
which no ‘menial change was made until] Mr. E. D. Leavitt, Jr., 
designed his stamp, having an iron pyramidal frame, when other par- 
ties appropriated the idea, applying it in the construction of the Ball 
stamps, several of which were made this way in 1885-84. In 1864 
several of the Ball stamps, as shown in Figs. 98, 99 and 100, were 

set up for the Caluinet and Heela Mining Co. in 
Calumet, Mich., the diameter of the cylinders being - 
still 12 inches. In 1875, three years after the re- 
moval of their mill to Lake Linden, the diameter 
was increased to 15 inches The weight of the 
shoe was also slightly increased. The weight of 
the anvil was about 11 tons and that of the recipro- ‘ 
cating parts about 4,500 Ibs, The number of blows 
was also increased to about 90 per minute. These 
changes brought the capacity up to 150 tons per 
twenty-four hours. From this time up to 1879, little 
or no change, and no improvement whatever was 
made, though various attempts were made to iin- 


prove the cylinder and valve gear. That improve- 
ment was needed will be seen by reference to Fig. 
93, showing the old cylinder, and to Fig. 101, 
which is a fae-simile of a set of steam indicator 
cards taken from a Ball stamp running at its 
bestin the Calumet and Heela Mills. As the 
valve gear is driven independently of the stamp, the motion of the 
stamp shaft is limited at the bottom by the rock in the mortar and 


Fig.97 


8D BALL STAMP, 


92 blows per min. 


Fig. 101 


+ 


at the top by the excessive lead shown in the card, or in the ab- 
sence of it, by a rubber bumper, in the bumper-head, V, Fig. 99, 
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against which the bonnet B strikes. As the rock in the mortar 
varies, or may through carelessness be allowed to get low, a large 


clearance at the bottom of the eylinder is necessary, four inches 


being usually allowed. At the top, Y, XY, Fig. 93, represents the 
top of the stroke, a clearance of 24 inches being allowed for a pos- 
sible compression of the bumper. To these large spaces must be 


added the counter-bores before 
alluded to, together with the 
large and long ports. By 


actual and accurate measure- 


ment, the clearance spaces in 
a Ball cylinder 15 inches in 
diameter foot up to 2,183 
cubic inches, or over 50 per 


cent. of the cylinder for a full 
stroke, but it must be remem- 
bered that not one stroke in 
ten is full, either at the top 
or bottom, so that the loss by 


clearance is much greater than 
the above, and its enormity 
fully justifies the charge made 
at the beginning that a Ball 
stamp is a fuel-wasting ma- 
chine. This enormous waste 
was brought to the attention 
of Mr. E. D. Leavitt, Jr., who 
had then become the consult- 
ing engineer of the Calumet 
and Hecla Mining Co., who 
thought of the subject often 
and long before the radical 
idea afterward embodied in 
the Leavitt stamp dawned 
upon him, as it did somewhat 
curiously. In coming up from the mine one day upon the man-en- 
gine, his mind was busy “ mulling ” over the subject of steam stamps, 
when, as he stepped upon the platform at the top, he exclaimed, 
“ve got it!” and thereupon he sketched the differential steam 
cylinder which formed the basis of future stamps, which were to 
supersede the Ball stamp in the Calumet and Hecla Mills. This 


Fig. 102 
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Fig.105 
cylinder is shown in Fig. 102, its operation being as follows: The 
steam is admitted above the upper piston-head through an ordinary 
gridiron valve A, being exhausted through a like valve 2, into 
the condenser, the office of the steam thus used being solely to make 
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the down stroke. The space C, around the lower cylinder and be- 
low its piston, is a receiver, into which steam is admitted through 
the opening J, a uniform pressure as desired being maintained by 
a Watt’s regulator. This pressure is solely for the purpose of rais- 
ing the stamp shaft, such pressure being maintained as will do it 
in the proper time, and against which the blow has to be made. 
The space between the two piston-heads is connected with the con- 
denser, in which a constant vacuum is maintained. In the first eyl- 
inder the diameter of the upper cylinder is 20 inches, that of the 


Fig.106 


lower 1114 inches, the relative areas being 2.93 to 1. This eylin- 
der is still running. The valve gear designed for the first Leavitt 
stamp was of the cam and roll type peculiar to all the Leavitt com- 
pound engines up to this time, and contemplated an independent 
cut-off valve upon the back of the main steam valve. This was 
soon found to be unnecessary, and it was discarded. There was 
but one roll for each valve, and it worked between two cams, an 
internal cam for one motion and an external cam for the other. 
The cam for opening the steam and that for closing the exhaust 
were fixed, while those for closing the steam and opening the ex- 


| 


NOTES ON THE STEAM STAMP. y 383 


haust were capable of adjustment while the stamp was running, as 
shown in Figs. 105 and 106, in which it will be seen that the cam 
is thrown forward ‘or backward by a feathered sleeve. The cains 
were set by degrees of a circle marked on a dial upon the cam shaft, 
so that if, for instance, the opening of the steam valve be taken at 0°, 
the closing point was set at 70°, the opening of exhaust at 110°, and 
the closing of the same at 355°. This style of cam and roll, which 
has worked so well upon the slow working compounds, proved a 


failure on the stamp, where the constant reversal of the motion of the 
roll 90 to 95 times a minute, with the heavy valve and heavy mov- 
ing parts necessary for such a machine, very soon cut both rolls and 
cams so as to make them useless, and the mechanism for changing 
the position of the cams as above described being found unneces- 
sary, the whole valve gear as shown in Figs. 105 and 106 was su- 
perseded by that shown in Fig. 107, consisting of four outside cams 
with an independent roll for each motion of the valves. The open- 
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ing steam and closing exhaust cams were fixed as before, the clos- 
ing steam and opening exhaust cams being bolted to the face of the 


u 


a The upper part of the cylinder is steam jacketed, the 
_ whole cylinder being covered with felt and a wood lagging. The 


stamp with the cylinder 
above described is still run- 


ning, with an average stam p- 
ing capacity of 225 tons of 
rock per twenty-four hours. 
Some peculiarities of its 
working, however, seemed 
to indicate that the relative 
areas of the cylinders were 
not just right and that the re- 
ceiver was too small, and 


for the seeond stamp the 
cylinder shown in Fig, 103 


was designed, the upper cyl- 
inder being 214” in diame- 
ter, the lower cylinder 14 
inches, the relative areas 
ve being as 2.36 to 1, while the 


receiver was considerably 


enlarged. 

The mortar was also 
changed, being made four- 
sided, giving double 


screen surface. This 


increased its weight two 
tons, while the weight of | 
the anvil was increased to 
twelve tons—a total increase 
of four tons in the parts re- 
sisting the blow over and above the weight uf the same parts in the 
first stamp. One other change of great importance was made. 
With the rubber bumper before described, it was still necessary 
to leave a large clearance at the top, and in the first Leavitt stamp — 
24” clearance was given as in the old stamp, and the diameter “4 


the cylinder being larger, the clearance at this place was greater 
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even than in the old cylinder. The total clearance measured 1,628 
cubic inches, or about 22 per cent. of a full stroke, so that while the 
stamp reached a greater capacity, little conld be claimed for it on 
the score of economy, and it became evident that some change was 
necessary to secure the greatest economy. One suggestion after 
another resulted in substituting for the rubber bumper a dash-pot 
25 inches in diameter and 4 inches deep, the stamp shaft bonnet 
being formed to serve as the dash-pot plunger. See Figs. 108 and 
109. 

With these changes the second stamp was constructed and 
started, a clearance at the top of } inch being allowed when the 
bonnet bottomed in the dash-pot. The first dash-pot was made 
without the rubber rings 2 shown in the cut, and worked per- 
fectly until shortly both pot and plunger became so worn as not to 


prevent the escape of the air cauglit in the pot, and not enough 
could be retained as a cushion to prevent the bonnet striking the 
bottom of the pot, which would result in great damage to the 
stamp. To prevent this, the pot was grooved in the bottom, and 
the flexible rubber rings /2 were inserted, projecting beyond the 
surface about } inch. The air canght within the rings forms an 
absolutely perfect cushion, and this improvement insured the 
efficiency of the dash-pot, which over three years of constant use 
have not impaired, but which otherwise would have been useless. 

Not long after the stamp was started, a very curious accident 
happened, the cylinder breaking in two on the ragged line a, 2, 
Fig. 103. The upper cylinder was lifted about a foot, and tipping 
forward, would have gone down throngh the three floors below but 
for the piston rod, which held it in an ominous suspense until it 
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was secured. The occasion of the break may be explained as fol- 
lows. It will be noticed in the eut that the bottom cylinder head 
is extended upward to meet the lower cylinder, of which it is 
practically an extension, the steam pressure working through the 
V shaped spaces shown where the head and cylinder join. The 
object of this is to form a dash-pot into which the lower piston can 
cushion, when from any 
cause the stamp shaft should 
drop so low as to do damage 
to the parts. It is probable 
that the cylinder and head 


nearly or quite to- 
gether when cold, and that 
the extra expansion of the 


inner cylinder when heated 


was the occasion of the break. 
Fig. 104 shows the construc- 


tion of the cylinder made to 
take the place of the broken 
one. It is made in two 
pieces, the lower end of the 


steam jacket space being 
closed by an annular expan- 
sion plate, 7. which is bolted 
to the ends of both outer and 


inner cylinder, and which 


amply compensates for any 


unequal expansion, while 
the lower cylinder is left far 
enough from the head to 
allow for its expansion. 
This cylinder is perfect, and 
with the dash-pot the clear- hy 
ance is reduced to about 500 ~~ hehe 

cubie inches, or 5.7 per cent. — Saat 

of the contents of a full stroke of 24 inches. The average stamp- 
ing capacity of the second stamp thus perfected, was for 1884, 230 
tons per twenty-four hours, but this has since been increased to 240 
tons per twenty-four hours, The saving of fuel of the first Leavitt 
stamp compared with the Ball stamp is about 10 per cent., with a 
gain in capacity of about 25 per cent. The saving. of fuel of the 
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second stamp is 35 to 40 per cent., with an increase in capacity of 
per cent, 

With this showing, it did not take long for the Calumet and 
~Heela Mining Co. to decide to replace all the Ball stamps with 
the Leavitt stamps, and to add a few more of the latter, until its 
stamping plant consists of twelve Leavitt stamps, all of which 
will be in commission within twelve months. Figs. 110 and 111 
Well illustrate the stamps as now constructed, the latter showing 
also the air pump with which each stamp is provided. The steam 
indicator is attached at a, Fig. 110, the motion for which is ob- 
tained by the system of levers plainly shown. Fig. 112 is a fair 
sample of the indicator cards from the Leavitt stamps, the line 
a, b, showing the receiver pressure, which increases about 12 Ibs. 


LEAVITT STAMP. 


blows per min. 


ATMOSPHERIC LINE 


\ 


as the piston descends. Comparing this card with Fig. 101, the 
contrast will be more clearly seen. In the old stamp the steam 


= 


Fig.ti2 


follows full stroke, the decreased pressure being due to wire draw- 
ing. In the new, the point of cut-off is well defined, and the ex- 
pansion line a very good one. 

The excessive lead is necessary to catch the up-stroke of the pis- 
ton, but it is less in the Leavitt stamp than in the Ball. The 
extreme depression at @ in both cards was caused by the reaction 
of the barrel of the indicator, the other irregular lines being due to 
the vibration of the spring timbers, The indicator rig shown in 
Fig. 110 is very stiff and has no lost motion, the barrel string being 
of cat-gut and as short as possible, but the sudden stop of the re- 
ciprocating parts of a stamp under a velocity of 18 or 20 ft. per 
second, with the constant shaking of the stamp, is not conducive to 
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fine lines in an indicator card. The back pressure in Fig. 101 was 
due to exhausting through heating pipes. 

Since the improved Ball stamp of 1867, the method of attach- 

clearly shown in Fig. 109, in which the collar ¢ has rubber 

on both sides of it, to break the continuity of the metal. The 

rubber is 13” on top of the collar, and 4” to 5” on the bottom, and 

is sufficiently compressed to prevent any motion of the collar. The 


piston rod where it goes through the head and collar is 24” in di- 


“2 


ameter and 10 threads to the inch. No coarser thread can be used 
with safety, as the nuts would soon jar loose. The piston head of 
the Ball stamps is 7” long, the packing consisting of two outside 
rings (see Fig. 93), with one ring behind them. These rings are 


— eut in one place and dowelled to break joints. They are set out j 


fill the cylinder when the follower is screwed tight against them, 
making it practically a solid head, and yet a cylinder requires re- 
boring in about eighteen months, though as hard as it is possible to 
cast it and admit of being worked. The Wheelock sectional steam 
packing was used in the first Leavitt cylinders, the first cylinder 
being in good condition after five years’ running, but in subsequent 
cylinders the sections wore very unevenly, and wore the cylinders 
tapering, so that it has finally been discarded, and at present the 
_ packing consists of a single ring cut in one place. It is made of 
bronze, having a T-shaped section, as shown in Fig. 113, 
the face of the ring being 2 inches wide. This packing 
=| has given the best satisfaction of the various styles tried, 
it Mon and has been adopted for both the upper and lower 
Figl3 heads. It would be dificult to tell the proportion of the 
first Leavitt stamp, due to the various changes made in the second 
stamp. There was a gain in capacity of 15 per cent. over that of 
the first stamp, and from a saving of 10 per cent. of the fuel in the 
one there has resulted 35 to 40 per cent. saving in the other. 

The increase in capacity due to the doubling of the screen sur- 
face was not what was anticipated of it. Repeated and careful ex- 
periment showed that, other conditions remaining the same, but 7 
per cent. more rock was stamped with the four screens than when 
half of them were blinded. There is no doubt that for most of the 

blows the stamp shaft receives an impetus from the dash-pot, 
which gives it a velocity it would not otherwise have, and which 
is clear gain; and the deeper the bonnet goes into the pot the 
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Ne 


tion, and the stamp shaft made a momentary stop at the bottom. 


greater the impetus and consequent increase in velocity, and the 
less the clearance in the cylinder, from which it would seem that 
the dash-pot should have the most of the credit of the gain in both 
capacity and economy. Asa matter of curiosity, the dash-pot was 
indicated by the writer with the result shown in Fig. 114, of four 
succeeding strokes. It has otherwise been conclusively shown in 
the Time Cards, to which further reference will be made, that the 
deeper the bonnet went into the dash-pot, with a consequent in- 
creased compression therein, the quicker the stamp acquired its 
maximum velocity, and the greater that velocity. The velocity of 
a blow in which the bonnet bottomed the dash-pot was 33 per cent. 


---- 170 Ibs., 83470 Ibs. 
ibs, 25532 Ibs. 


— 23 Ibs. 11293 Ibs. 


Atmosphere 


Fig. 


greater than a preceding blow in which the bonnet did not enter 
the dash-pot. 

It was an interesting operation to get at the velocity of the stamps 
in making the blow, made necessary in order to discover why the 
first Leavitt stamp had no greater capacity than some of the Ball 
stamps alongside of which it was running. As the new stamp 
worked under an entirely different principle from that of the old, 
no mere observation could determine the cause of the failure. In- 
dicator ecards had been taken from both old and new stamps, but 
gave no reliable clue, while there was a decided difference in the 
motion of the stamp shaft at the bottom of the stroke. In the 
Leavitt stamp the blow was quick and the stamp shaft began to 
rise immediately after it was made, while !n the Ball stamp the 
blow seemed to be more as if it was simply the effect of gravita- 
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This peculiar rest was claimed by all the old and experienced: 


stamp “ bosses,’—and by the wiseacres who had had no experience 
) 


—to be a necessity to the best work, reasoning with some show of 
logic that the stamp shaft remaining down, took the reaction of 
the spring timbers. They were so absolutely sure of this that the 
writer, who was then having his first experiences with steam stamps 
-and the inventor of the stamp, began to feel that perhaps, after 
all, that peculiar blow might be the s¢ne gua non to success, but 
how to accomplish it with a constant pressure used to raise the 
_ stamp, was a serious question. But it was not the writer’s inten- 
tion to fall into the ruts peculiar to the location, and the oft-repeated 
and universal expression that “the thing would never work,” only 
~ inereased the determination to make it work, and without wasting 
more time in speculation, it was determined to find the velocity of 
the stamps, as that was the only unknown quantity in the problem. 


the cylinder at 22, Fig. 110, was attached a system of rolls as per 
Fig. 115, in which @ is the driving 
roll, the motion of which was uni- 
form, being taken from the valve- 
gear cam-shaft, > is a friction roll, 
capable of instantaneous contact with, 
release from, the rolla; cand dare idler rolls, Around 

and between the rolls a and was passed a strip of paper 5” wide 


Fig. 


and about 35 feet long, or long enough to last one minute. To the | 
indicator rod 77 was attached a pencil-holder so arranged that the 
pencil could be quickly thrown on or off, the point of the pencil 
having a vertical motion at g against the roll c. There were also 
fixed points at the top and bottom of the roll which traced upon 
the paper the limits of a full stroke. The motion being applied 
to the paper, the pencil is also thrown in and the time accurately 
taken for one minute, when a series of diagrams were traced, of 
which Fig. 116 is one, from the first Leavitt stamp. The whole 
strip is then measured, and its length and the time being divided — 
by the number of strokes, gives the average length and time of | 
each card, from toe. From a to ¢ represents the up-stroke, from 
e toe the down-stroke. The divisions from d to e are in inches of 
the stroke. It will be noticed that the greatest velocity was ac- 
quired during the first @ inches—at P, from which time to the end — 
e of the stroke it was uniform, being in this case 15.15 feet per sec- 
ond. During the time the card has traveled from G@ to H the ~ 
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stamp-shaft has traveled from G to —one foot in .066 of a sec- 
ond, equal to the above velocity. This gives great accuracy. 

As the height of this card corresponds to the length of the 
steam card, tle latter is laid on to show the relation of the opening 
and closing of the steam valve to the motion of the stamp, m m 
being the opening, x n the cut-off. 


=) 


From this card we are able to get the velocity at any portion of 
the stroke—both up and down—and to note the influence of the 
steam. The same course pursued with the Ball stamps produced 
the diagram shown in Fig. 117, upon which the steam cards for 
both ends of the cylinder are laid. This stamp acquired its veloe- 
ity during the first 7 inches of the stroke, which was 16.16 feet 
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per second, and was uniform for the rest of the stroke. This uni- 
formity of velocity was a surprise to me, as I expected to find an 
accelerated velocity, and it seemed all the more strange, as the con- 
ditions under which the blow is made in the two stamps are so dif- 
ferent, and yet, in every instance and in every card, in both stamps, 
the velocity has been uniform for at least the last fourteen inches of 
the down-stroke. No satisfactory explanation of this has yet been 
found. Most of the time cards from the Ball stamps have shown a 
greater velocity than this, perhaps 17 to 18 feet per second. A 
comparison of the two time cards will show more clearly what was al- 
luded to as the action of the stamp-shaft immediately after the blow. 
These cards revealed the fact that in the Leavitt stamp, the velocity of 
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the blow was insufficient, and suggested a change in the closing point 


of the steam and opening point of the exhaust valve, which had been 
set as follows: opening steam, 0°, closing steam, 70°; opening ex- 
haust, 128°, closing, 355°. It is not necessary to follow all the 
changes that were made, but experiments resulted in the following: 
opening steam, 0°, closing, 95°; opening exhaust 110°, closing 355°, 
the velocity being increased to about 19 feet per second and the 
capacity to 25 per cent. beyond that of the Ball stamps, and fully 
up to what was expected of it, while the capacity of the wiseacres 
for croaking was reduced to zero, It was thus conclusively shown 
that no peculiarity of the blow, outside of the weight and velocity, 
entered into the work performed, for at this time the screen surface 
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had not been increased and the dash-pot had not been applied to the 
first stamp. It has since been applied, however, increasing the 
capacity and the economy. In the second and subsequent Leavitt 
stamps the average velocity was still further increased to 20 or 21 
feet per second. How far this can be carried remains to be seen, 
but the present jigs belonging to the stamp cannot profitably handle 
more than is now being stamped. In some of the stamps sent to 
the Calumet & Hecla Mining Company in the spring of 1884, the 
weight of the anvil had been increased to 23 tons, on the supposi- 
tion that the greater the inertia of the parts receiving the blow the 
better the effect; this has not proved true in practice, while the 
increased weight has proved to be more than the springs could well 
bear, and they g gave out much sooner under the greater weight. The 
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life of a set of spring timbers varies from three to tive months. The 
average wear of the shoes is about six days, being brought to their 
present fatigue through a system of graded prices, which required 
the shoe to last four days to be paid for, but which increased the price 
for every day’s wear over that time, but competition has now taken 
the place of that system, and seems to keep the wearing quality up. 
A set of screens of the best steel 25" thick, punched with ’," round 
holes will screen about 10,000 tons of rock, when the amount of 
water in the mortar is alont 800 cubic feet to the ton of rock. Ab- 
solute uniformity in the motive power driving the valve-gear of a 
steam stamp is a necessity to the best work, and if the main driving 
power of the mill is subjected to variable loads, it would be best 
to drive the stamp valve-gears with an independent engine made 
for the purpose. 


DISCUSSION. 


Mr. Holloway.—There can be no difference among engineers 
as to the question, that, while there is a great deal of literature 
extant, which is not of the right stamp, the literature of the 
stamp as presented by our member, Mr. Coggin, must not only 
receive our commendation, but that it must command our careful 
attention and study as well. Mr. Coggin has not only done the 
profession a favor, by the careful and exact manner in which he 


has described and illustrated the operation of a class of machinery 


but little known, but he has as well done an act of justice, in 
rescuing the early history of the steam stamp and its inventors, 
from the realms of a tradition fast dying out, and placing it in 
the archives of engineering literature where it will be studied with 
interest for generations to come. In the great haste to reach 
forward to new and untried experiments, we too often lose sight 
of what has been done in the past; and are far too apt to forget 
the early pioneers, who accomplished what they did under sur- 
roundings far more discouraging than can ever fall to the lot of 
the engineer of the future. So far as I am aware, the paper 
before us gives the most complete elucidation of the varions 
elements, which go to make up the efliciency of this class of 
machinery, that has been published. While the writer has given 
in detail the various changes and improvements added from time 
to time, and has shown the result in economy of steam, and the 
increased output of the later stamps, he is not, as I understand 
him, quite sure as to just what particular change has brought 
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about these results. As the designer of the new stamps—Past- 
President Leavitt—is not with us, we shall not have the benefit 
of his discussions on this matter, but I am sure that if there are 
any members here who have had any knowledge of steam stamps, 
either as to the earlier stamps or as to the later ones, or as to 
the improvements upon any of them, it will be a matter of in- 
terest to us to have the result of their observations in regard to 
this paper. 

Mr. Couch—My knowledge of these matters has only been 
incidental. It has never fallen to my lot to design or manage 
machinery of this kind, though, of course, I have taken the 
general interest in it that most of us have, and this paper is very 
interesting. As early as 1854—I recollect the date with cer- 
tainty in connection with other events which I remember per- 
fectly well—as early as 1854 a Mr. Merriam, formerly of Pittsfield, 
Massachusetts, at that time managing a little machine shop and 
foundry at Athens, in Bradford County, Pennsylvania, showed me 
a photographie picture—I think it was a daguerreotype—showing 
a battery of four or five stamps, the valve motion of which was 
operated by a transverse shaft across the top, which itself was 
driven by a small steam cylinder with a fly-wheel and the usual 
eccentric valve motion. I am pretty sure that the valve-motion 
cylinder, as it might be called, was attached vertically near the 
upper part of the frame of the machine, and that its shaft ran 
across the top, and that the number of the stamps was four or 
five. It had been put into use some two or three years before 
that. Iam very sorry that I cannot recall where, because such 
things would be of interest in connection with this matter, but 
it was as early as 1854, and it had been in use perhaps one or 
two years before that time. How well and durably and satis- 
factorily it operated I am not able now to say, although Mr. 
Merriam told me that it had worked well. Whether it continued 
to do so or not I could not say. I have mentioned it as a matter 
having perhaps some little historical interest. 


Mr. Sweet.—As has been shown, the valves of these stamps are 
driven by independent valve-motion, and not each stamp working 
its own valve, as is the case with steam hammers, I presume the 
object of this is to prevent all the stamps of a gang striking at 
once, as they would be sure to do sooner or later if each worked 
its own valve. By working all the valves of a gang from a line 
shaft, setting the cams on the shaft in different positions insures 
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the stamps striking at different times. Practically uniform motion 
of the valve shaft is necessary, because if run too fast it would 
be likely to catch the stamps before they strike the ore, and if too 
slow it would allow the pistons to strike too hard on the bumpers 
at the top. 

Mr, Oherlin Smith.—1 should think that each stamp might be 
made to work the valve of the next one, on the principle of a 


duplex pump, by a sliding inclined groove giving the proper 
motion. Whether this could be obtained by a system of levers 
instead of by the grooves I do not know; very possibly it might. 
If such an arrangement could be carried out, they could of course 
be kept out of unison, but some long valve connections would 
have to extend from the first to the last stamp cylinder. 

The President.—You will observe the cards made by the stamp 


show a very peculiar motion. Mr. Coggin, who perhaps has given 
more attention to this matter than any other man in the United 
States, after all the various changes he has made, hardly himself 
knows just what change has brought the stamp up to its present 
efficiency, so true is it that a very slight variation in any of the 
conditions makes a great difference in the result. 

Mr. A. MH. Emery.—In 1863 or 1864, I think it was, a proposi- 
tion was made by Mr. Ball to me to join him in that enterprise. 
The proposition was made through Mr. Ames, who was associated 
with me in another matter at the time and who was the manu- 
facturer of the Ball stamp. I contemplated doing so, but previous 
to making the connection, which for some outside reasons was 
not made, I went to study the stamp to see what could be done 
with it, and I came to the conclusion that the Ball stamp could be 
made much more efticient, and I worked on this for some time. 
The plan which I adopted as being desirable is one which could 
not have the trouble which he experienced in some instances of 
having the whole lower part of the cylinder destroyed by the first 
blow, by having the material under the stamp insufficient, and 
that was to have no bottom-head whatever, the cylinder being 
open at the bottom, and the stamp, which was to be some five or 
six thousand pounds in weight, raised by condensing the steam 
which had previously forced it down. I found by computation 
that I could get 80 strokes per minute with an average stroke of 
about three feet, but which would be changed by the depth of the 
material that the stamp was striking, and would accommodate 
itself to the depth of material, so that when the stamp had made 
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its full stroke the exhaustion of the steam through the condenser 
would let the air raise the stamp. Working with that length of 
stroke I could very well get about eighty revolutions a minute 
of the hammer, and such a weight of hammer that that number of 
revolutions would be very efficient. The hammer was to be 
rotated, and not to have a foot on one side as in the Ball hammer, 
but with two feet as it were, one on each side. The efticiency of 
the hammer and its own life would in this way be much improved 
by having the double foot, and by having but one head to the 
steam cylinder, which would then be used with a condenser. There 
would be no lower head to be destroyed. If the depth became 
too small the hammer would stop. The drawings were partly 
made, but some other operations I took up prevented their ever 
being completed. 

The President.—! believe it is true that the efficiency of the 
stamp is lessened when the material under the stamp becomes — 
thin. That is, a stamp with a certain mass under it at all times 
is more efficient and produces a better result than when the 
material is thin between the hammer die and the mortar. 

Mr. A. /71. Emery.—We needed a depth of material for two 
reasons ; one was to use up the force of the hammer, and the 
other was that that foree should mairly be used up in the stuff 
itself, crushing and grinding together the mass, so that the mass 
would be kept at a very considerable depth, and when it did not 
reach that depth the hammer was arranged to stop itself. 

Mr. Couch.—Thirty years ago fuel and its economy were of Jess 
consequence than now, and Mr. Merriam avoided striking at the 
bottom of the cylinder by the more simple and wasteful means of — 

allowing the stamp to rest at the bottom of the trough while the 
piston was still above the cylinder bottom, and at the top by 
using the steam cushion so well known in the old Nasmyth steam 
hammers. 

The President.—Were stamps of that construction used at the 
copper mines? 

Mr. Couch—I do not think those stamps were designed for 

-*> mines ; I think they were used in some mining enterprise in 
one of the Carolinas. Stamps have been built with valve motion — 
similar to that of steam hammers, the downward motion giving | 
the opening for the upward, and in all cases the difficulty men- — 
tioned by Professor Sweet occurs; they will get into unison, and 
if they do not do that, they seldom or never can be made to have 
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the proper succession which is necessary to the most efficient — 
working, and that difficulty prompted Mr. Merriam to connect 
the valves thus positively. 
Mr, A. H. Emery.—\ made use of steam as acushion to stop the | 
stroke at the top or upwards, but that was not wasteful; that 
_ foree was used to coudense or compress the steam, and as the — 


steam was used expansively, the loss from using the steam as a 


cushion at the top of the cylinder was very small. The steam was— 
compressed by the hammer’s piston going beyond or above the : 
steam’s entrance, and that work of compression is given back 
again instantly before the cylinder begins to receive steam again 
on the downward stroke. It received steam just before finishing 7 
‘its upward stroke and then compressed that steam. 
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BY T. W. HUGO, DULUTH, MINN. Ca 


»ELTS tor conveying grain are more extensively used in the 


Duluth Elevator system than in any other place in the world, as 
far as the writer is aware, and information on such subjects is very 
limited. These two facts have led to the presentation of this paper 
in the hope that, at least, attention might be drawn to this impor- 
tant feature in grain handling. 

A description of the various belt conveyers in use in this place 


Fig. 118 


will necessarily include mention of the different elevators, and 
they will be taken in order according to age. 

In 1869, Elevator “A” was built with a capacity of 350,000 
bushels (Fig. 118). It is a single track, five-car house, having 
five receiving and three shipping legs, and three cleaning machines, 
and the motive power is supplied by a horizontal non-condensing 
engine 24” x 30”, with plain slide valve, cut-off on back, and a throt- 
tling governor. This engine makes 68 revolutions per minute, and 
was built by the N. W. Mfg. Co. of Chicago. 

In 1879 an annex was built with a capacity of 210,000 bushels. 
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Fig. 118 shows a view of the house as it exists at present, the 
annex being distinguished by its cupola, which is one story less in 
height than the main building. Two conveyer belts are used, an : 
- upper belt to convey the grain out to the annex, and a lower one 
to bring it back. The power to drive the upper belt is transmitted 
from the main line of shafting in the cupola to a 24” straight face 
pulley by a belt; this is the driving pulley for the 36” rubber belt, 
which has a speed of 650 feet per minute, and is supported by and 
runs over concave wooden rollers, very nearly similar to 7 (Figs. 
121 and 122), 9” in diameter at the ends and 44” in diameter 
in the center, placed at 4 feet centers. The frame work for these 
is built on the bin floor in “ A ” on an incline of 7 feet in 60 feet. . 
This 60 feet brings the belt to the annex in which it runs horizon- 
tally, passes through the dumper, and at a distance of 155 feet from 
the driving pulley passes around a 24” straight face pulley, which is 
made to serve as a tightener, and returns, being supported by con- 


ai 


Fig. 119 


cave wooden rollers placed at 12 feet centers, This belt will carry 
8,500 bushels of wheat per hour. 


For the purpose of conveying the grain back to the main building 
a combination belt is used, of which B C B’, Fig. 119, is a section. 
BL B are two ordinary 7" rubber belts connected together and kept 
apart by 1}” x }" band iron riveted to each belt at a distance 
along the length of the belt of 4 feet centers ; these distance strips 
are shaped like C, Fig. 119. Heavy canvas is also riveted to the 
rubber belts which bags down 44" in the center, the whole forming 
a conveyer 3 feet in width. The rollers over which the belt runs 
are as shown in J) J’, Fig. 119. Two wooden rollers are on an 
iron axle, the rubber part of the combination belt only touching the 
rollers. This belt travels 650 feet per minute, and from the ex- 
treme end of the annex runs horizontally for a distance of 95 feet 
under the floor through which the grain from the bins falls on to 
it. It then rises at an angle of 30° for a distance of 30 feet, 


passing around a 36" straight face wooden driving pulley over which 
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the grain is discharged. This pulley 
| : it is cut away in the center to allow 
= the belt to pass around without 
= : touching the concave part. The 
capacity of this belt is 12,000 bushels 
per hour. 

In the fall of 1880, Elevator “* B,” 
with a capacity of 1,000,000 bushels, 
started to receive and ship grain, 
This is a double track house for ten 


cars on a track, with ten receiving 


and six shipping legs, and having 


5 


originally four, but now six cleaning 
machines. <A vertical, overhead, con- 
densing engine supplies the motive 
power, making 58 revolutions per 
minute, the cylinder being 42” x 42”, 
with plain slide valve and cut-off on 
back and a throttling governor. 

In 1882, Warehouse “ C,” with a 
capacity of 1,100,000 bushels, was 
built 1 in a line with, but 250 feet from 
“B.” Fig. 120 will give a view of 


Fig.120 


the situation; the two being con- 
nected together by conveyers. 

The power necessary to drive the 
upper conveyer belt 1s transmitted 
from the main line of shafting in the 
cupola in “ B,” through a belt, shaft, 
and bevel gears to the iron driving 
pulley, 48” in diameter at edges, with 
1” crown, which communicates motion 
to a 36” four-ply rubber belt. For 
88 feet it runs horizontally, then on 
an up-grade of 3” toa foot. At 16 
feet from the beginning of the grade 
it enters a gallery 9 feet wide by 8 
feet high and 250 feet long, built on 


++ 


44-4 


trestle work, as shown in Fig. 120. 
It then enters “C” on the top floor 
of the cupola, passes through the 
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dumper, and after thus running 300 feet horizontally it passes over 
the tightener pulley at the end and returns between the track on 
which the dumper runs. The belt runs 775 feet per minute, and 
is supported by concave wooden rollers, 7, 9 in diameter at ends, 
and 5)” in diameter in center, placed at 6 feet centers on the upper 


or loaded part, and 12 feet centers on the under or return part. 
The framework on which are fastened the bearings for the rollers 
is made of 3" x 8” pine, gradually decreasing in height from 7 feet 
at the driving pulley to 14” at “C,” where the 2)” x 5” stringers, on 
which the lower rollers have their bearing, rest on the floor. The 
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upper and lower parts of the belt are made to run at a distance of 
16” from one another by means of intermediate idler pulleys. 
~The dumper mentioned above is shown in Fig. 121 and Fig. 122, | 
in which A isa cast-iron frame running on and supported by wheels, 
It is cast in two pieces, bolted together at the center, as at C, 


and so constructed as to receive 
the shaft E.which passes through 
and is keyed fast to the mov- 


able 


rollers, / and 7’. 


easting This casting 
has a bearing fitted in the end 
of each long and each short arm 
in which run the journals of the 
The gear, A, 
is fastened to the shaft, 4, and 


[+3 hand-wheel, Z, is fastened 


the worm, JV. 
belt 


(is the upper 
and 


is the lower, the 


arrows indicating the direction 


of the 


belt’s motion. is a 


-sheet-iron spout swiveled at N 


to the frame A, so that it can 


be swung around to the side. 


Similar letters refer to similar 
parts in Figs. 121 and 122. In 


Elev. “ B,” close to the driving 


pulley, and along for a distance 


above. 


of 75 feet, are hoppers which 
receive the grain from the scales 
Those hoppers come 
down to within a merely clear- 
ing distance of the belt, the 
grain being discharged through 
long narrow openings regulated 
by slides. 

It is sometimes necessary to 
prevent the grain from jumping 
off the belt when falling from 
the hoppers, and for this purpose 


ae 


concentrators, Figs. 123 and 124, are used, which are fastened to the 
framework that supports the belt and rollers, and are placed one 


on each side of the belt opposite the hopper. 


When the lignum 
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vite rollers are brought close enough together by means of the 
screw, the sides of the belt are correspondingly turned up, thus 

preventing any grain from spattering off at the time it falls into 
the belt. After once it is there it lies as quietly as if glued on, and 
— notasingle kernel need be lost in the run of over 600 feet. A little 
of the light husks, jarred to the surface by the motion, will be | 
blown off, but the grain will pile up until it is sometimes 6” deep 

in the center of the belt, running out to nothing about 1” from 
the edge. At from 35 feet to 40 feet from the dumper the belt 
leaves the rollers and ascends to a height of 45” from the line of 

rollers, and as it passes around the upper roller of the dumper, y, 


at almost a right angle, the momentum of 

L*w- | the grain is sufficient to carry it forward, an 
unbroken stream of grain, into the opening, 
7, in the dumper from whence it nord 
through the spout 2 through hoppers built: 
in the floor, through wooden spouts into the 
different bins, 

There are ten of these openings or hop- 
pers built in the floor at the side of the 
dumper track, close enough to be reached by 
the spout, #2, when turned sideways. Each 
of these openings is over a circle of spouts 
which lead to the 150 bins in the house. 

When it is necessary to move the dumper 
to another part of the house, the upper roller, 

— Y, is lowered, and by the same motion the 
lower roller, Z, is raised by means of the worm, JV, and gear, A, 
the power being applied to the hand-wheel, Z; the casting, 7/, and 
shaft, Z, turning in the bearings, C. The right and left nuts, V, 
are slackened, the stays, 1, unhooked, and the dumper pushed 
bodily along the track to its destination. When in place, the stays 
are hooked in and tightened, and by means of the worm and gear 
the casting is brought to the position shown in Fig. 122. The belt 
can be started immediately, the operation thus consuming very lit- 
tle time. This beit will carry 13,000 bushels of wheat per hour. 
The power for the lower conveyer belt is taken off the end of the 
engine shaft, using a sprocket wheel with friction clutch, link belt, 
shaft, bevel gears, and a wire rope 262 feet between centers of shafts 
to transmit to the driving pulley 48” diameter with 4” crown. Belt 
and speed are the same as in the upper conveyer. 


| 


a raised framework 


bins overhead is spouted. 
of wheat per hour. 
In the St. Paul and Duluth Elevator a conveyer belt is used for 


the purpose of ship ping | grain into vessels, the elevator being built 
back from the dock. 


about 25 teet high, leading 
of 45° to the dock front, a 


and 53" in the center. 


34" x 


from “DB” and “ ¢ 
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Starting from the end of “C” where the ahoenen te placed, the 
belt runs 300 feet horizontally on rollers similar to «, supported by 
r the floor, then up-grade, 4" to a foot, 
through a gallery built on the dock, 250 feet long, and 38 feet into 
“B,” where it runs over the driving pulley, the grain on it being 
discharged over the end into a hopper, 


from ei it is spouted 
to the different elevating legs. 


Holes are cut in the lower floor in 
“©,” and hoppers with long narrow openings are built at con- 
venient distances over the into which the grain from the 


This belt has carried 14,000 bushels 


belt runs in a gallery elevated on posts 
from the end of the elevator at an angle 
distance of 300 feet. 
four-ply rubber belt, running on rollers somewhat similar to w, 
Figs. 121 and 122, pitched at 6 feet centers on the upper, and 12 
feet centers on the lower part, which are 10” in diameter at the ends, 
The power to drive this belt is taken from 
the main line of shafting below, transmitted by a quarter twist 
belt to a 48” straight face wooden pulley. 
belt close to this driving pulley, travels 600 feet per minute on an 
incline of 2 feet in 300 feet, and discharges over the 24" tightener 
pulley at the end into a hopper, 
telescope spouts it shoots into the vessel. 


belt is a 50” 


The grain drops on the 


from which through two 12” iron 
Only portions of two 
cargoes were shipped last year,so that no reliable data are at hand. 
A horizontal Hamilton-Corliss engine, 18” x 30", non-condensing, 
supplies the power. 

In the fall of 1884 Elevator “E,” with a capacity of 800,000 bush- 
eis, was built. It is a double-track house for tive 
with five receiving and five shipping legs, and five cleaning ma- 
chines. An overhead vertical condensing Reynolds-Corliss eugine, 


vars on each track, 


x 30”, making 66 revolutions per minute, 
Work has begun on Warehouse “ F,” 
bushels, to be built in a line with “EF, 
it, and connected by conveyers in a manner 0 slightly differing 
»’ Fig. 120. The upper conveyers will be 160 
feet in “ E,” 250 feet between “ E” and “ F,”’ and 300 feet in “ F,” so 
that there will be 710 feet between centers 
lewer belt will be 50 feet in “E,” and the same as the upper one be- 


supplies the power. 
of 1,250,000 
t distant from 


The 


of shafts at ends. 
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yond that, making a total of 600 feet between centers of shafts at 
ends. 

Also in December, 1884, Elevator “D” was built, with a ca- 
pacity of 1,200,000 bushels. This is a double-track house for nine 
ears on each track, with nine receiving and eight shipping legs, 
and eight cleaning machines. A steeple compound condensing 

— overhead vertical Cuyahoga engine furnishes the power. The cy]- 
 inders are 24” and 44” x 48”, arranged for 66 revolutions per 
poe ol the steam is cut off in the small cylinder only, and the 
dead space reduced very much by making the bottom of the small 


=— serve as the top of the large one, and in this way the cyl- 
A 


inders are brought as close together as a steeple engine can be got. 

_ A throttling governor is used. This engine has given excellent 

_ satisfaction, and considering the very variable nature of elevator 

_ work, the necessity for providing for heavy loads at any time with- 

- out warning, and the surety of running a large engine two-thirds 

of the time with little more than friction loads, it is the writer's 

opinion that a properly constructed compound engine is pre-emi- 

nently fitted for elevator work, and will prove itself so, all the 

factors of fuel, interest, maintenance, being counted in. 

. Work has been commenced on “ G ” with a capacity of 1,500,000 

= bushels, to be connected to “D” by belt conveyers, the general 

arrangement being similar to that already described. The upper 

belt will be 280 feet in “D,” 250 feet between “D” and “G,” 

and 350 feet in‘“*G.” The lower belt will be 50 feet in “ D,” 250 
feet between and 350 feet in “ G,” making a total length between 
centers of pulleys at ends of 880 feet for the upper conveyer, and 
650 feet for the lower. 7 
As stated at the beginning of this paper, its object is to add 
‘something to the very small amount of information that is public 
property on this subject. For that purpose the writer made some 
tests with a view to ascertain the amount of power required for the 
- different conveyers in “ B” and “C,” and intended to submit the 
results to the society, but since this paper was begun his attention 
~ was drawn to Mr. D. K. Clark’s observations in his Manual, on this 
subject, and these disagreeing very materially from the results of 

the writer’s tests, it was decided to withhold those results for the — 

present until an opportunity presented itself for verification 

by more extensive experiments. The opportunity will be af- 
_ forded as soon as “F” and “G” are completed, and in con- 

_ junction with the shipping belt of the St. P. & D. elevator will | 


: 
| 
: 
‘ 
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present means for eliminating errors possible in a solitary ex- 
ample. 

Enough has been said to show that it is a satisfactory method of 
handling grain, and not grain alone, but there are various articles 
that could be expeditiously and cheaply handled by this plan, or 
modifications of it to suit the articles to be handled. 

With grain the belts give no trouble whatever, even with belts 
over 1,300 feet long, and no trouble is anticipated with the long 
one (almost 1,800 feet) which will be used in “G.” The warehouse 
can be built very much cheaper than a regular elevator, and will be 
as efficient as a warehonse. Very few extra men are required to 
attend to it; paying work is made for the motive power when it 
would otherwise be idle ; the rate of insurance is lessened ; the cost 
of maintenance is very small; and with larger rollers, or sectional 
rollers lubricated through a hollow shaft, the friction can be very 
much decreased. Should it be desired, by a proper belt speed, 
angles of 45° can be ascended, and the grain thus elevated without 
buckets on the beits, and experience with the longest belt conveyers 
in the world has proven their usefulness, their reliability and their 
economy. 


DISCUSSION. 


The President.—I would say in regard to this paper of Mr. 
Hugo's that it is a very interesting one, not only for the reason 
that it illustrates and explains a mechanical contrivance, which 
I am sure is new in its application to most of us, but also for 
the further reason, that it is a mechanism now most exten- 
sively in use at a point in our vast territory, which but a few 
years ago was looked upon as the uttermost verge of civilization. 
The laugh caused by the speech made in Congress by Proctor 
Knott, of Kentneky, in which he spoke of Duluth, as the “ City of 
the unsalted seas,” had scarce died away when the sound of the 
hammer and saw was heard in that land, and immense grain ele- 
vators arose, which have made the place second only to Chicago 
as the wheat center of the world. The apparatus which Mr. 
Hugo has so well described, I had the pleasure to examine about a 
year ago. It was not at the time in operation, but from a care- 
ful examination of the mechanism I felt satisfied it was a complete 
success, and that a description of it would be of interest to engi- 
neers. I noticed that no wheat was discharged along its pathway, 


and I inquired if the wheat was not inclined to roll off the belt, 
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and was told that it not only did not roll off, but that it ious to 
huddle together in the center of the belt. Mr. Hugo’s description 
has made the matter so plain, that there is little need of further 
explanation. But if any members present have seen this, or other 
flying conveyers in operation, we shall be glad to hear from them, 
The paper is before you for discussion. 

Mr. Kent.—I1 have nothing to say about the belt, as I am not 
familiar with it, but I would like to ask a question about the en- 
gines. The paper says : “ A steeple compound condensing overhead 
vertical Cuyahoga engine furnishes the power,” and that it is the 
writer’s opinion that a properly constructed compound engine is 
pre-eminently fitted for elevator work and will prove itself so, all 
the factors of fuel, interest and maintenance, being countedin. He 
says, also, that the engine runs two-thirds of the time with little 
more than frictional Joads. That is a very important question in 
engineering—what proportion of the time the engine has to run. 
The smaller the proportion of time the engine runs loaded to 
the time it is unloaded, the greater the waste of fuel will be and the 
greater the cost of maintenance, labor, interest, and everything 
else proportionate to the work done. Therefore, it is frequently 
found the better economy to get a cheap engine if it does waste 
fuel, if the engine is to be run only a short time. Here is a com- 
pound engine, and therefore an expensive one, and it has only to 
run one-third of the time loaded. Is it likely that it will be more 
economical than a cheaper engine? I would like to ask if the 
President can give us any information on this point. 

The President.—I do not know that I can give the information 
Mr. Kent asks for. In the first place, the use of engines for the 
purpose of lifting grain, in elevators, which I suppose you are not 
specially familiar with here, is one in which there is a greater vari- 
ation of power, in a given time, than in any machine I know of. 
A train of eight cr nine loaded cars is brought in, and the doors 
are thrown open at once, and the grain all goes into the elevators, 
and must be hoisted at once, and it requires an immense amount 
of power to take the grain up so suddenly to the top of the house, 
and when that is done, the engine has little or nothing to do, 
until another train comes in. That shows the necessity of using 
a large amount of power a portion of the time, and using very 
little power at other times. As to the question of economy in 
using that kind of engine, I can only say that, as far as my ex- 

perience goes among elevator men, the question of economy is 
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looked after, to a very considerable extent, in Chicago, Milwaukee, 
and in Duluth ; and there is a great deal of striving for the most 
economical results, as far as fuel is concerned, among the various 
elevator-engine builders ; and that there has been a good deal of 
rivalry in producing the results with the least fuel. There is a 
necessity for this engine, and for this machinery, to be ready at 
any moment. It must be ready always to take the grain as it may 
come in. It might be true, as a matter of engineering and finan- 
ciering, that a cheap engine which for the time being might use 
steam wastefully, would, in the long run, be productive of econ- 
omy, because the engine would not cost so much; but it would 
have to be a large engine. 

Mr. Babcock.—\ think Mr. Kent has a little misunderstood the 
conditions. When an engine runs but a small portion of the 
time—if it were standing still one-third of the time and running 
another third—then a cheap engine, probably non-condensing, 
would be better economy, because it would save more in interest, 
possibly, than the difference in the cost of fuel, for the time it was 
running. But that is not the case here, where there is a surety of 
running a large engine two-thirds of the time with little more than 
frictional loads. It is imperatively necessary in this case that 
that engine shall be a condensing engine ; otherwise it will be dis- 
charging a cylinder full of steam at every revolution into the at- 
mosphere and against atmospheric pressure ; but with a eondensing 
engine the loss of steam is comparatively small for the time when 
the engine is running light. Whether a compound engine, thus 
conditioned, has any special advantage over a single cylinder might 


be a question, but it is undoubtedly true that a condensing engine 


is absolutely necessary for economy under these circumstances. 

Mr. Thompson.—In the manufacture of cotton seed oil, we fre- 
quently use screw conveyers such as are used for short distances 
in wheat mills; but they use these also. Where seed is to be 
delivered in different places, say to different bins, the spiral con- 
veyers cannot deliver it, for the seed is all carried to the end of 
the conveyer. The belt moves in a'trough. Suppose you want 
to deliver the seed at several different points along it ; the side of 
the trough is cut and there is a door hinged in the trough, so that 
it can be opened. The belt running down this way, the door 
catches the seed and delivers it to the spout. 

Mr. Albert Emery.—Do I understand that the door shoves the 
seed off the belt ? 
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Mr. Thompson.—Yes, sir. When you want to deliver it tosome 
other point the door previously in use is closed. 

Mr. Dodge.—I would like to ask the gentleman why a spiral 
conveyer will not deliver at any point ? 

Mr. Thompson.—It would with grain or anything that is smooth, 
but with cotton seed, which is covered with a little fuzz, it will 
sometimes get choked. 

Mr. Stratton.—I would like to ask for information as to what 
this belt is composed of, in long elevators. 

The President.—The horizontal belt described in Mr. Hugo's 
paper is a rubber belt. It runs over rolls which are a little small- 
er in diameter in the middle than at each end, but the deflection 
is very little. It is one continuous belt of rubber, running bori- 
zontally at very high speed, and the grain is dumped down on 
the belt, in the direction in which it runs. You would naturally 
suppose it would fall off, but it soon acquires the velocity of the 
belt, and when acquired it clings to the belt, and moves with it. 

Mr. Oberlin Smith.—It has been implied that there was not much 
information about this method of conveying grain im the East. 
Those of us who attended the last annual meeting of the American 
Society of Civil Engineers in New York, remember being taken 
over to Brooklyn and shown an entirely similar apparatus at 
“‘ Dow’s Stores,” in the lower part of Brooklyn. The belts were 
running, I think, at about this same speed. They were long rub- 
ber belts on slightly concave rolls. We did not see any compound 
belts. They were conveying grain up and down, and delivering it 
and receiving it here and there. The grain went by its own mo- 
mentum from the belt into the hopper, and flew over a space of 
several inches withont spilling. The whole concern seemed to be 
very much the same as this one in question. There were more 
than a dozen of the belts, I should say. 

Mr, Dodge.—I should like to say that the dump apparatus has 
been used in England a long while, largely in sugar refineries. It 
runs on a track, and is locked in place by seizing hold of the track. 
When the dump is to be removed they get the power from the belt 
itself, which can be used to shift it by suitable gearing on one of 
the legs. No scraper is required for a conveyer of this kind, but 
the same arrangement is used as is shown in the paper. 

Mr. Couch.—On page 409 near the end sectional rollers are men- 
tioned. I wonder if that relates to cutting the concave roller into 
a number of sections, or, if not, I wonder what the effect is of a 
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> loaded belt traveling over a roller at six or seven hundred feet a 
: minute, when the velocity of the middle of the roller is about half 
as great as that at the end, and whether the brief reference to sec- 
tional rollers has not some allusion to a remedy for that apparent 
difficulty. 

The President—From my observation, which was somewhat 
hasty, the rollers were very slightly concave. 

Mr, Couch.—Twice as large at the end as at the middle, accord- 
ing to the figures given. 

The President.—1 think that where the grain first goes on the 
belt, there is an excessive concave there. My recollection of the 
rollers is, that they were all slightly concave. After the grain had 
acquired the velocity of the belt, there seemed to be no necessity 
for the belt being concave. The grain ‘vould pile up in the center 
of the belt without reference to its being concave. 


Mr. Snvith.—Those in Brooklyn were rollers of about six inches 
diameter, and I think they were concave only about an inch or less 
on each side. 

Mr. Babcock.—On page 488 the author says :—‘“ The belt is a 
50 inch four-ply rubber belt, running on rollers pitched at 6 feet 
centers on the upper, and 12 feet centers on the lower part, which 
are 10 inches diameter at the ends, and 5} inches in the center. 
Those are the rollers. 

The President.—I1 think it must refer to the rollers where the 
belt first receives the grain. I do not think the other rollers are— 
anything like as concave. 


Mr. Babcock.—The paper certainly gives that impression. 

Mr, Partridge.—I would like to ask if any of the gentlemen 
present can give any details of that pneumatic system of handling 
grain by means of a current of air in tubes. I believe they are 
experimenting with it at Detroit in transferring not only from cars 
to elevator, but also from car to car, without shoveling or trim- 


ming. 
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THE MANUFACTURE OF COTTON SEED OIL. 

BY ERWIN W. THOMPSON, THOMASVILLE, GA. = 

Tue commercial history of an industry, which, ten years ago, 
consumed only 100,000 tons of cotton seed, transforming it into 
$2,380,000 worth of products, and which now annually con- 
sumes nearly five million dollars’ worth of seed, is perhaps most 
easily read on the accompanying diagrams. Figure 125 exhibits 
the price of cotton seed at Memphis, Tenn., taken on January 
1st of each year, and the price of prime crude oil and summer 
yellow (refined) oil at New York, taken on the first of each 
month. 

Figure 126 shows the total production of cotton seed and the 
amount consumed by oil mills in the United States during the 
past ten years, 

The great distance apart of these lines shows even now what a vast 
surplus of this great staple remains practically unused. Perhaps 23 
per cent. of this difference is now used for planting, while the 
remainder is most wastefully used as a fertilizer. 


Within the past three years this fact has become so generally 
known that new mills have sprung up all over the country, and this 
increased production has so lowered the price of oil and by-prod- 


ucts, that the industry has passed from an enormously profitable 
business to one which has to be as closely watched as the manutact- 
ure of cotton itself. The imposition of an almost prohibitory 
import duty by the Italian government has also operated against 
the price of oil. In former years refined oil was largely exported 
for the purpose of adulterating olive oil. But early in 1881, Italy 
increased the duty from about 6.5 cents per gallon to about 16.6 
cents. The result of this action was to reduce our total export of 
cotton seed oil from 6,997,796 gallons in 1879-80 to 415,611 gal- 
lons in 1882-83. Since that time one of the great problems of the 
business has been to discover domestic uses for the oil. It has 
been tried for almost every use for which oil can be made, and 
has met with varying and rather decreasing success. It has been 
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26-7 780 gos 81-2 used as substitutes for lin- 


seed, olive, lard, and lubri- 
cating oils, besides being 
made into lard and butter 
when these products were 
high. Perhaps the most 
extensive and successful uses 
to which it is now put is for 
the packing of fish. It is 
difficult for any one not an 
expert to discover the differ- 
ence between fish packed in 
olive oil and those packed in 
the best refined cotton seed 
oil, As an adulterant for 
lard it is meeting with re- 
markable success, and it is 
said to improve the quality 
of the lard. 

At one time the best re- 


Esvebsnss: fined cotton seed oil was 


largely used as a substitute 


F300 for lard in cooking, but now, 
owing to the inferior oil put 
upon the market by ignorant 
or unscrupulous dealers, its 


200,000 


use as such has been almost 
entirely abandoned. This 


use could yet be easily re- 
vived if cotton seed crushers 
would be very careful to keep 
separate all oil intended to 


Ht 


{CONSUMPTION OF 
be refined for cooking pur- 


poses, using only the best 


quality of seed, and keeping 


all storage tanks thoroughly 
cleaned, and finally putting 
it up in entirely new and 
clean barrels. It is the uni- 


versal custom in the majority 
16-7 77g 29.99 30-1 g1-2 83 834 . 
Fig. (26 of mills to use second-hand 
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kerosene barrels for crude oil, but it is manifestly impossible to 
remove by the ordinary steaming process all the kerosene from 
saturated staves. 

The oil as first expressed from the seed is known as prime crude, 
crude No. 1,and crude No. 2, according to quality. As vet there has 
been no regularly authorized standard by which these oils are accu- 
rately graded. The specific gravity of average prime crude is .926 
and cold test about 36° F. Prime crude is otherwise known by its 
bright amber color, freedom from sediment, and freedom from 
— rancid or bitter taste. 


Refined oil is known as winter white, winter yellow, summer 
white, and summer yellow. The refining consists in part of neutral- 
izing the vegetable acids in the crude oil by means of alkalies, gen- 

erally caustic soda. Refining is regarded as a business distinct from 
the production of crude oil, and will not be considered in this con- 
nection. 

| The production of prime crude oil is dependent very largely 
upon the quality of seed. It can never be made from seed which 
have undergone any amount of heating. For this reason the 
greatest proportion of the seed should be stored in sacks to give 
ventilation. The sacks commonly in use are coarse “ Dundee ” or 
“ Burlaps,” holding from 100 to 150 pounds each. When stored in 
bulk, cotton seed occupy about 80 cubic feet per ton, though they 
can be loosely stored to occupy 90 feet or easily packed into 65 feet. 
The legal bushel in the State of Georgia weighs 30 pounds. The 
amount of warehouse room necessary for storing cotton seed in 
the ordinary course of business is about 400 square feet of floor for 

each ton worked per day. 

It is customary for oil mills to run night and day, in order to 
erush all the available seed in the shortest possible time before they 
can spoil by heating. A great need in this business is some method 
of storing cotton seed, so that they will remain sound in large a 
quantities for a year at atime. If this could be accomplished, the 

mills might operate with a smaller investment in machinery, for 

they could work ten or twelve months in the year instead of being 
compelled to rest idle for an average of seven months, Several 
plans for ventilating seed by blowers have been tried, but, so far, 
have all failed. 

The machinery now in use for manufacturing cotton seed oil 
isan outcome of long and costly experiment. Until within the 

last six years the matter has been in the hands of comparatively ig- 
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norant operators, and the experiments were of the crudest sort. The 
first attempt in the United States to extract the oil from cotton 
seed was made in 1826, This was on a very small scale, and no 
attempt was then made to bring the oil intocommercial notice. The 
first real oil mill was built at Natchez, Miss., in 1834, but it resulted 
in financial failure. Mills were built in New Orleans, Memphis, 
St. Louis, and Providence, several years later, but they were all 
failures. There were really no practical successes until after the 
war. At present there are about 118 mills in actual operation, 
many of them paying fair dividends. 

Some of the principal machines in the cotton seed oil mills of 
the United States for the crushing of upland seed (which is the 
only kind yielding prime oil) are shown by outline sketches. 


The sand and rubbish screen, in its usual form, is shown in Fig. 


= 


NO. 6 WIRE CLOTH 


= 


SAND & RUBBISH SCREEN 

127. The part a, designed to remove sand from the seed, is covered 
with wire cloth, having 36 meshes to the square inch, generally 
known as No. 6 mesh. The wire is .041”. The seed are delivered 
into this end of the screen, and after passing to the part 4, drop 
through the meshes into a spiral conveyer which delivers them to 
some mechanism for removing odd pieces of iron and stone which 
escape the screen. An exhaust fan is generally connected with the 
sand-box under a, toremove the dust and carry it out of the build- 
ing. The part d of screen is designed to retnove all articles larger 
than the seed, such as stray locks of cotton, corn cobs, sticks of wood, 
and innumerable foreign articles that are always present in commer- 
cial cotton seed. The screen is covered with wire cloth of 16 meshes 
to the square inch, known as No. 4 mesh. The wire is .065”. This 
screen is run on an incline from the horizontal of 3” to the foot, and 
is driven by some kind of universal joint. It is occasionally built 
horizontal, with spiral ribs on the inside to convey the seed from 
one end to the other, but, for practical reasons, this plan is not rec- 


ommended. 
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The correct proportions for this screen is for part a, about 8 
square feet of cloth, and for part 4, about 7 square feet, for each ton 
of seed worked per day. It should revolve at a surface speed of, as 
near as possible, 360 feet per minute. It is very important that 
this speed should be correct, for should it be too fast the seed would 
adhere to the sides and not pass through from one end to the other, 
while if it should be too slow, the seed would not be sufficiently 
agitated to allow of a separation from the foreign substances, 


460 


The arrangement in general use for removing heavy substances 
from cotton seed is shown in Fig. 128. The speed of the blower is 
governed by so many practical considerations that it can only be 
determined by actual experiment in each individual case. Magnets 


Fig.128 


FOREIGN SUBSTANCES 


have been frequently tried for removing iron and steel from seed, 
but they are not generally successful, because they so easily clog the 


spouts and passage-ways. Throughout the construction of a cotton | 
seed oil mill, this difficulty must be confronted. The seed are | 
covered with a fine down or lint which is left by the cotton gin, and 
this prevents their gliding over each other like grains of corn or 
wheat. They can never be relied upon to go down any wooden | 
; spout which has a less angle than 45° to the horizon, and then it— 
_ is necessary to have ample room. Any kind of a hopper for cotton | 
seed, where they are expected to accumulate and then flow out, 
_is considered a practical impossibility. 


The first machine to which the cotton seed pass for actual manipu- 
lation is the linter, which is designed to remove the lint left on seed / ‘ 
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by the gins. This is done to obtain the lint (which is an important 
by-product), and also to prevent the clogging of other machin- 
ery. The linter is in many respects similar to the ordinary cotton 
gin. It generally has twice the number of saws, and they are 
considerably closer together. There are two types of linter in use, 
one which rolls the seed in the breast, in exactly the same man- 
ner as acotton gin, The most prominent linter of this type and the 


one mostly in use, is the E. Carver. The other type has only asingle 


representative, known as the Payne linter, In this machine the seed 
pass by means of a spiral spike conveyer over the top of the saws, 


REAR VIEW OF HULLER 


from one end of the gin to the other, and do not form a roll as in 
the other type. This is the machine referred to in the table of 
powers. It requires less power than the Carver, but is not consid- 
ered so good a machine, These linters should be sharpened about 
once a month. The Payne linter has 116 saws 12” in diameter, and 
is rated for a capacity of ten tons of seed per day. The E. Carver 
linter has 106 saws, and is also rated as a ten ton machine. The 
surtace speed of linter saws should be about 1,000 feet per minute. 

The next machine to which the seed is taken is the huller, one 
form of which is shown in Figs. 129 and 130. This is known as 
the Wells huller, and is the one in most general use. They are at 
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present made in only two sizes, the smaller of which (with 20” 
knives) is the one to which the table of powers relate. It will 
hull easily about 20 tons of seed per day. Both the cylinder knives 
and the concave knives (those in the frame) have four edges, so 
that when they become dull, they ean be taken off and reversed 
without much delay, When the cylinder knives are changed the 
eylinder must be re-balanced. This is done by shifting leaden 


FRONT VIEW OF HULLER 


weights, secured on the inside. Each set of 20” knives with the 


four edges will cut about 2,000 tons without being re-sharpened. 
The knives should have a surface speed of about 4,500 feet per min- 
ute. This machine does not separate the kernels from the hulls, 
but simply cuts the seed into pieces. These pieces are then con- 
veyed toa revolving screen made like Fig. 127, except as to the 
covering. It isall covered with wire cloth having 25 meshes to the 
square inch, known as No. 5 mesh. The wire should be .057”". The 
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axis of this screen should have an inclination to the horizon of 1” per 
foot, and it should revolve as near as possible at a surface speed of 
290 feet per minute for ordinary sizes. There should be about 
eleven square feet of wire cloth for each ton of seed worked per day. 
Sometimes in large mills this is put on two or more screens, to 
avoid making them too large. The seed as they leave the huller 
drop from the elevator into the higher end of screen, and as they 
gradually roll toward the lower end, the kernels drop through the 
meshes and are carried away by aspiral conveyer. The hulls roll out 
of the lower end. These screens are often supplemented by 
“ shakers,” which are flat screens, having areciprocating motion in 


their own plane. They are placed at a slight inclination to the horizon. 
The hulls from the screen fall on one shaker and the kernels fall on 
another, and thus the work of separation becomes complete. The 


hulls pass out of the mill toa room adjoining the boiler-house, where 
they are used for fuel. The kernels are conveyed to the crushing rolls, 
the simplest form of which is shown in Fig. 131, By this form of ma- 
chine they are rolled flat to about .02” thick and delivered to the 
heater.* 

The rolls are often made without gearing, though it is not so 
good a plan to rely on the friction of thé belted roll to drive the 
other. The object of dispensing with the positive action of gear- 


* These crushed kernels will hereafter be referred to as meal, This is the term 
generally used in the mills, but it is ambiguous from the fact that the cotton 
seed meal of commerce is really the result of finely grinding the cake left after 


the oil is pressed out of kernels. ; 
al 
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ing is to allow the rolls to have a slipping or grinding action on the 
kernels, to reduce them more effectually. The writer would pro- 
pose that they still be geared, but that the required amount of slip 
‘be obtained bya slightly greater number of teeth in one gear 


‘than the other. This would obviate the great annoyance caused by 
‘the driven roll frequently stopping and choking. The position of 
the scraper is of some importance. It should make such an angle 
with the tangent to surface of roll that it will always be slightly 
crowded against it. In this position it will present a sharp enough 


edge to remove the crushed kernels which have a tendency to plas- 
ter to the rolls. There is generally some simple mechanism, such as 
a fluted roller, for distributing the kernels evenly to the rolls, but 
sometimes this can be accomplished by a very flat and wide spout 
delivering the kernels, The most approved method now in use for 
crushing the kernels is by a kind of gradual reduction process. About 
tive rolls are placed in a frame one above the other, and the kernels 
pass from the top set, which commence the process, to the bottom 
set, which leavesthem very fine. The object of rolling these kernels 
is to crush the oil cells, and also to allow of their being more thor- 
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oughly cooked. Rolls should have a surface speed of about 550 
feet per minute. They should be made of chilled iron and carefully 
ground in a lathe. Ordinary soft iron is badly indented by the 
accidental grinding of nails; they are also very easily worn out of 
round. The meal is now cooked in a large circular cast-iron kettle, 


having a boiler-iron steam-jacket, and some kind of revolving agi- 
tator in the center. One form of heater is shown in Fig. 132. By 
the process which has been in use 

ever since the business was commenced 

on a successful seale, the cooked meal 

is placed in woolen bags, and these 


are spread out and equalized in thick- 


ness on “mats.” These mats are 
closely woven from  horse-hair, and 
covered with a leather back, the whole 


J} 


very much resembling a book which 
opens at the end. The mat is closed 


up on the woolen bag of meal, the 


open end of bag being folded over 


itself next to the hinge of mat. It is 
then placed in a compartment ot 


“box” of the press, shown in Fig. 
133. When all of the boxes (usually 
six in number) are thus filled, they are 


\ 


subjected to a hydraulic pressure of 
from 2,200 to 4,000 Ibs. to the square 
inch upon the ram. The common 
practice is about 2,500 pounds, and the 
rams are generally 16 inches in dia 
meter. Upon a ram of this dimen- 
sion there would be a pressure of 
502,656 pounds. The cakes formed 
are usually 9 inches wide at one end, 


Fig.133 
BOX PRESS 


10 inches at the other, and 24 inches long. They are therefore 
subjected to a pressure of 2,205 pounds per square inch. The 
cakes are kept under this pressure for fifteen or twenty minutes, 
in order to allow the oil time to escape freely. Channels in 
each box conduct the oil to back of box, where it runs through 
a hole to a box below, and finally to a trongh which leads to a 
settling tank. When the press is lowered, the woolen bags are 
stripped from the cakes and again filled with cooked meal for 
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another operation. The cakes are generally trimmed on the ends, 
to remove small portions which still contain some oil. When these 
trimmings accumulate, they are ground up and pressed, yielding a 
somewhat inferior oil. The cakes are stacked up in ventilated 
piles and allowed to dry twenty-four hours or longer, and then they 
are ground into fine meal for domestic consumption as fertilizers or 
cattle food, Sometimes the cakes are packed up whole for the ex-_ 


\ 
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> - 
CAKE BREAKER 


port trade. Nearly all foreign countries prefer it in this shape, 
owing to their fear of adulterated meal. 

Fig. 134 shows a common cake breaker in use in small mills for 
cracking the cake into pieces small enough to be ground in an ordi- 
nary corn mill. 

The ground cake is commercially known as cotton seed meal. It 

is usually put up in 100-pound sacks called “ centals.” Its value as 
‘a fertilizer is shown by the following analysis of an average speci-— 
men of meal : 7 


4 98 
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Ammonia (Nitrogen Det.).............. 
Phosphoric acid 
Potash 


Cotton seed meal is largely used as a supply of ammonia in all 
Southern fertilizer factories. In the North and East it is most 
highly prized as a cattle food. Its value as a food is due to the 


large proportion of protein, 
starch and fat. 

The hydraulic pressure 
used in cotton seed oil mills 
is usually produced by a 
power pump driven by a belt, 
and arranged with pistons of 
different sizes, the largest 
being used in starting the 
presses, and the smallest being 
thrown in when the pressure 
begins to increase. Within 
the past few years, direct- 
acting sfeam-pumps have 
been used with considerable 
suecess in this business. In 
respect of being independent 
of the other machinery of 


the mill, and of being more 
positive in action, they are 
of great advantage, but are 
generally very wasteful of 
power. 

Fig. 135 shows the latest 
design of cotton seed oil 


press, intended to render un- 


necessary the woolen 
and horse-hair mats. This 


type of press will eventually 
Fig.135 


supersede box presses, 
PLATE PRESS supersede all the box } 


owing to its great capacity 
for oil, and to its compactness, but most of all to its great saving 
in expense, both in operation and in the mats and bags. Hundreds 
of experiments have been made to find some cheap substitute for 


horse-hair mats used with box presses, but in the end they have a): 


: 
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been unsuccessful. The real solution of the problem lies in adopt- 
ing the new style of press, which uses iron, steel or brass plates 
to take the place of boxes, mats, and bags. 

Plate presses of various kinds have been in use in linseed mills 
for many years, and, to a great extent, have been used in cotton 
seed mills in England. But the decorticated meal resulting from 
the upland seed used in our Southern mills cannot be successfully 
~ worked in a press which might give good satisfaction in a linseed 
mill, or in a cotton seed mill, where, as is the case in England, the 
seed are ground up and pressed without being separated from the 
hulls. There is but one mill in the United States working seed 
from Jong staple or sea island cotton. The seed are very smooth, 
and, owing to the difficulty of separating the hulls from kernels, 
they are always ground and pressed in the English fashion. 

The exact shape of plate for decorticated cotton seed has only 
been lately determined. The great difficulty has been in the tend- 
ency of the meal to squeeze out around the edges of the plates, and 
run with the oil, and even now it is a source of some trouble. 
With these presses a “ former” is used which moulds the meal into 
cakes of the exact shape of plates in the press. The pressure on the 
“former” is now generally produced by the action of a ram simi- 
lar to that of the oil press, except that it is operated by steam instead 
of hydraulic pressure. This is evidently a very wasteful method, 
since it uses a whole cylinder full of steam for inoulding each cake. 

The pressure exerted on this mould is just a little less than is 
necessary to bring the first oil, and this relieves the hydraulic press 
of considerable travel. By this means twelve or even thirteen 
cakes can be pressed in the same space which six cakes with their 
mats would occupy in a box press. The cakes made by the plate 
presses are larger in area than those from box presses, an eleven 
pound cake being 114” by 32”. In order, therefore, to exert with 
the same ram the same pressure per square inch on these as on the 
others, it is necessary to increase the pressure upon the ram; but 
this is always possible, becanse the greatest danger of breakage in 
presses is in the upper movable parts, and the plates have proved 
less likely to break than boxes, Thus it is quite practical to change 
a box press into a plate press without great expense. 

For the storage of oil there should not be less than two large 
iron tanks in each mill. The oil made each day is pumped from 
the small tanks under the presses (designed to hold about one day’s 


run) to one storage tank, while oil is being drawn into barrels from 
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the other. The capacity of the tanks should be such that it will 
not be necessary to draw oil for at least three days after the last oil 
is pumped in that tank. This is to allow the heavy oil and stray 
particles of meal to sink to bottom of tank. The pipe for drawing 
oil into barrels should enter the bottom of tank and be continued 
by a leather hose or pipe with flexible joint in such a manner that 


the receiving end inside can be raised and lowered at will. In this 
way oil may be drawn at all times from near the surface, and the 
operator can see just when all the light or prime oil is drawn. The 
heavy oil should be drawn about one-third as often as the light oil. 
The heaviest of this is called “ soap-stock,” and the other “ tankage.” 

The cooking of the meal is probably the most important opera- 
tion in the whole mill. Upon that depends both the quality and 
quantity of the oil. The durability of press cloth and mats also 
depends upon this operation. The length of time for cooking a 
certain amount of meal cannot be definitely stated, because it de- 
pends upon the quality of seed as to dryness, and upon the steam 
pressure used. This matter having never received any scientific 
attention of which the writer is aware, he has made a large number 
of experiments with the heater shown in Fig. 132, the results of 
which are appended, 

The proper speed for the two 30-inch agitating arms seems to be 31 
revolutions per minute. Faster than this throws the meal too close 
to the outside wall, and destroys the etticiency of the steam surface 
of the bottom. <A lower speed allows the meal to advance in bulk 
ahead of the arm, and it is therefore not sufficiently stirred. The 
proper way to ascertain the exact length of time for cooking meal 
trom a given kind of seed, with a certain steam pressure in any par- 
ticular make of heater, is by testing the temperature of the cooked 
neal, This should be frequently done, and the required number of 
minutes for all steam pressures, within the ordinary range, tabulated 
for the use of the attendant. This, however, has not been done in 
practice. The judgment of an expert attendant is relied on to de- 
termine by the touch and smell when the cooking is complete. 
But the most common way is to cook for a stated number of min- 
utes regardless of steam pressure. This is obviously incorrect, 
except where a regulating valve is employed to keep steam at a 
constant pressure. The opinion of the writer is that the proper 
temperature of cooked meal is under all circumstances 220° F. 

The amount of steam necessary to produce this amount of heat 
depends of course upon the specific heat of the meal. This has 
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been determined by the writer from a series of experiments by the 
method of mixtures. For the seed found in Southern Georgia and 
Northern Florida, the mean of all the determinations was .413. The — 
and method of one determination, which gives a result quite— 
near the mean, is here submitted. A heavy wooden tub was used 
for a calorimeter, and no account taken of the heat transmitted to i 
that or to the wooden stick used to stir the mixture. There are 
such variations in meal from different kinds of seed, that it would be 
of no great consequence to take into account these refinements. In 
order to equalize the temperature and prevent too great a transfer. < 
of heat the experiment was performed one time in the tub before 
data were observed. 
Let W;, - Weight of Meal. 
W, = Water. 
t, = Temp. of Meal. 
£= * Water. 
= Specitic Heat of Meal. 


W, (ts ty) 


2 
W,(4 — 


In this determination 
W, = 10 Pounds. 
W, = 20 “6 
t, = 225 Degrees F. 
1, = 62 


— ‘ 
‘ 


20 (90 — 62) 28 
~ 10 (225-90) 


The other determinations range from .389 to .447. In order to 
obtain practically the amount of steam used in cooking the meal, 
the water of condensation which resulted from the cooking of one— 
ordinary charge to the proper temperature was weighed several — 
times, with results not greatly differing from each other. The data 


of one such test is appended. 


Weight of cold water in calorimeter 


Weight of mixture after water of condensation was added. .48 lbs 


= 


RE OF COTTON SEED 


....20 min 


Heat in the cold water 62 x 2 1,364 Bot. u. 
Heat in mixture 128 x 48 6,144 B. t. u. 
Heat represented by water of condensation 6,144 
Weight of water of condensation 48 — 22. eRe 
Temperature of same 4,780 + 26 . 184 
Total heat in L pound of steam at 51 lbs, pressure 
Total heat in 1 pound of water at 184° F 
Heat expended per pound of steam 1,205 — 184. 1,021 B. 
Total heat expended for 20 minutes 1,021 x 26.......26,546 B. 
Total heat expended per hour 
Units of evaporation 79,688 + 965.7 
Horse-power of steam 82.47 + 34.5 ; 
If, therefore, the water of condensation be trapped back to boiler 
without practical loss cf heat, it will be necessary in designing a 
mill to allow steam capacity equal to 2.4 standard horse-power for 
each heater of this capacity used, or say, in practice, for each twelve 
tons of seed worked per day. If, however, a steam trap be not 
used, and this water of condensation be allowed to waste, as is 
frequently done, the total heat expended each twenty minutes is 
1,205 x 26 = 31,330 B. t. u. 


ie Total heat per hour 93,990 B. t. u. 
Units of evaporation 97.33 U. E. y 
Horse-power of steam 97.33 


— This shows a saving of 143 per cent. by using a steam-trap. 


In order to form a check upon the determination of specific heat 


as found above, the water of condensation which accumulated in 
the empty heater was weighed. The difference between the heat 
consumed in elevating the temperature of meal and heater to the 
degree observed, and that naturally radiated from the empty heater 
for the same length of time, is the amount actually consumed in 
heating that amount of meal. The results with empty heater are 
as follows: 

Weight of cold water in calorimeter 

Temperature of same 

Weight of mixture after adding water of condensation 

Temperature of same 


Heat in cold water 60 x 10 sia 600 B. t. u. 
Heat represented by water of condensation 1,647—600. .1,047 B. t. u. 
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Average steam pressure 51 lbs 
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Temperature of water of condensation 1,047 + 5)........ 199.4 
Total heat in 1 pound of steam at 56 pressure... .. ..1,206.0 B. t, 
Total heat in 1 pound of water at 199.4° FL... Bt. 
Ileat expended per pound of steam 1206.0— 199.4... .1,006.6 B. t. 
Total heat expended for ten minutes 1006.6 x 5)... .5,284.6 B. t 


‘Total heat expended in 20 minutes in empty heater. .10,569.2 B. t. u. 
Heat actually expended in elevating temperature of 282) pounds of 


meal (from 80° to 220°) 140 26,546.0—10,569.2 15,976.8 B. t. u. 
15976.8 
282.25 x 140 — 


Therefore the specific heat is AOA. 
The remarkable degree of proximity of this result to that determined 
by the standard method of mixtures (.413), considering the com- 
paratively crude manner in which both tests were made, suggests 
that the noting of the amount of condensation of steam required for 
raising a given amount of any substance a certain amount in tem- 
perature might form a valuable method of determining the specitic 
heat in many instances where it would not be convenient to use 
any of the other methods. This is therefore proposed as a new 


method for determining specific heat. 

The power required to operate the principal machines in a mill 
consuming seed at the rate of 13 tons per day of 23 hours is shown 
in the annexed table. 


MACHINE. 


Engine and Shafting 

Linter. 

Huller 

Cake Breaker... . 


Total, exclusive of hydraulic pump, which in this particular mill is 
an independent steam pump 


In order to show approximately the calorific value of the fuel 
generally used in cotton seed oil mills, namely, cotton seed hulls, 
the following observations, taken in the course of a boiler test, are 
submitted. 


Root's Wrought Iron Water Tubular Boiler, having 64 tubes. ..4 12’. 
Duration of Trial 2 hrs. 20 min. 


131 
l. 
¢ 
RPM, | 
4420 
ia 
0 | 2% 
9.43 
6 
1) 1.7 
1.48 
.B5 
Average Steam Pressure by Gauge.......... ee ee 
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HULLS BURNED. 


1,552.0 Ibs. 


Per Boiler Horse-power 
Per sq. ft. Grate Surface 


Average Temperature 
Total Pumped into Boiler, corrected for inequality of 
Water Level and Steam Pressure at beginning and 


EQUIVALENT WATER EVAPORATED FROM AND AT 212°, 
4,118.7 Ibs. 


HEAT DERIVED FROM FUEL, 


3,977,422.9 B. t. u. 
1,704,609.2 


HORSE-POWER, 

‘Total 51.17 H. P. 

In the above calculation the H. P. is taken to be 34.5 Ibs. water 
evaporated from and at 212° F. per hour. No account has been 
taken of the quality of steam as to dryness. It is a matter of some 
regret that it has not been possible to test this same boiler under 
the same conditions, using anthracite coal in the place of hulls, in 
order that a practical comparison might be made between the two 
fuels. Presuming, however, that under the existing conditions one 
pound of anthracite coal would have evaporated 9.5 pounds of 
water from and at 212° F, per hour, or would have imparted per 
hour 9,174.2 B.t.u., the value of cotton seed hulls as a fuel may be 
roughly estimated at .28 of anthracite coal. 

If the production of hulls be 50 per cent. of seed worked, as has 
been generally estimated, a mill, using 51 H. P. of steam if run- 
ning with hulls only for fuel, would have to work 15 tons of seed 
per day of 23 hours. 

This is about all that can be done with this amount of steam. 
In the large mills, working 50 to 100 tons per day, the amount ot 
steam per ton of seed worked is not so great, and where the steam 
plant is at all economical, they easily produce more hulls than is 
required for fuel, because the power necessary to drive the machin- 
ery, and notably the steam necessary for other purposes, is much 
less in proportion. 
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The yield of oil per ton of seed varies greatly with the character 

of soil upon which the seed grows, and with the seasons. In the 

Mississippi bottoms where the black, rich soil is several feet deep, 

_ and in favorable seasons, seed will yield as high as 88 gallons per 

ton by the “box ” process, while seed grown on Georgia pine bar- 

rens, worked by the same process, will not yield, in an unfavorable 
season, over 29 gallons per ton. 

The following table, representing the mean of a large number of 
determinations, exhibits the ordinary production from a ton of cot- 
ton seed grown in South Georgia, These determinations were made 
ina mill using box presses, and the other machinery generally in 
use in this part of the country. 


: TABLE SHOWING YIELD OF ONE TON OF COTTON SEED, 


Product. Pounds. Per Cent. Pounds. Per cent. 


Oil (31.5 gallons) .. 
Soap stock 
Cake 


Waste (as below) 

Motes (from linters) 
Sand (from screen 
Rubbish (from screen >) 


2000, 


DISCUSSION. 


Mr. Nent.—I would like to ask a question in regard to this 
boiler test. Did the fuel smoke much when it was burned under 
the boiler ? 

Mr. Thompson.—In the form of boiler which I used and with 
the arrangement which I used, having a forced draught, there is no 
smoke to speak of. It would smoke ordinarily on the grate with- 
out a forced draught. 

Mr, Nent.—Does this cotton seed when used as fuel contain any 
moisture 

Mr. Thompson.—No, sir, except the small degree of moisture 
that it naturally absorbs from the plant. 

Mr. Kent.—{ am of opinion then that the result of this test is 
not a sufficient indication of the caloric value of this fuel. 


21.2 | 1.06 
| 917.2 45.86 
4.1 20 
51 
37.6 1.87 m0 60.00 
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ton seed hulls should contain chietly wogdy fiber and some oil 
that had not been expressed out. 

Mr. Thompson.—A very small proportion of oil indeed. The 
oil is contained in the kernel. 

Mr. Kent—When wood is used as fuel, an evaporation of four 
pounds of water is generally obtained per pound of wood. The 
reason you did not get four pounds evaporation with cotton seed 
hulls was probably on account of burning the fuel in a furnace 
not suited to that particular fuel. On account of the nature of 
cotton seed hulls they are almost instantly converted into gas 
when fire is applied to them and a good deal of that gas gets up 
into the tubes and goes off unburned ; but if this was burned in a 
separate oven, as tan-bark is burned, you would get much better 
results. 

Mr. Thompson.-—I am obliged to you for the suggestion. 

Mr. Kent.—I have known a Root boiler which failed completely 
because they did not fire it right. They fired it with shavings. 

Mr. Barrus.—W hat kind of forced draught was used. . 

Mr. Thompson.—Just the exhaust similar to a locomotive. 

Mr. Barrus.—What kind of a grate. 

Mr. Thompson.—Similar to the Adams Grate: about a quarter 
of an inch air space. I can give you a sketch of the grate. (Mr. 
Thompson made a sketch of the grate.) 

Mr, Barrus.—What was the dimension of this heater ? 

Mr. Thompson.—About five feet in diameter and twenty-two 
inches deep, made of cast iron on the inside with a wrought iron 
jacket on the outside and wood outside of that ; a steam space 
between. (The speaker made a sketch of the section.) 

Mr. Babcock.—I think we are very much indebted to Mr. 
Thompson for this paper. It gives us information in a line that 
is quite new and upon a subject that we know very little about. 

Permit me to relate a rather amusing fact. 

When I was in Milan, in 1882, I was talking with the United 
States Consul, Mr. Crane, in regard to the condition of the people 
and the products and exports of the country, when he stated that 
the exportation of olive oil had almost entirely ceased ; that in 
fact they were exporting little or no olive oil from the country. I 
asked him why that was? “Well,” he said, “ because they have 
put a probibitory duty on the importation of cotton seed oil.” The 
custom had been, so he stated, to import cotton seed oil very 
largely and putting a little olive oil with it, to export it for pure olive 
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oil, and we ate it as such at our tables in America. But since 
the Italian Government had put such a duty upon it, the ex- 
portation of olive oil had ceased to be profitable! and we in 
America were obliged to eat our cotton seed oil pure. 

Mr, Oberlin Smith.—1 want to ask Mr. Thompson where most 
of the machinery for the working of cotton seed oil is made. I 
know I saw some at the New Orleans Exposition that seemed to 
be of new design, and in some cases all the different machines 
were arranged upon a common base, in a row, so that the thing 
was rather portable. There appeared to have been a good deal 
of study put into the matter of convenient manipulation. This 
particular machine was made in England, and it occurred to me 
to inquire whether the business had been worked up there more 
than here. 

Mr. Thompson.—The very first machinery that was ever used 
for the manufacture of cotton seed oil was brought from England. 
It was manufactured by Rose, Downs «& Thompson, at Hull. The 
machinery that is now used in cotton seed oil mills in this country 
is manufactured in this country. Most of it is made in Dayton, 
Ohio. The form of press illustrated in this paper is manufactured 
in Dayton, Ohio. There is a firm in Brooklyn that manufact- 
ure a press outfit all on one base—three or four of those box 
presses ou one solid, heavy base with a heater on one end and a 
power pump on the other, a very compact arrangement. It is all 
out of date now because of these new plate presses. 

Mr. C. EF. Emery.—I feel gratified to see that mechanical engi- 
neers are going down there to bring about new methods and mak- 
ing these investigations as a basis of finding a better way to do it. 
I join Mr. Babcock in personally thanking the gentleman for the 
information he in many ways has given us to-day. 

The President.—The paper presented by Mr. Thompson is in- 
teresting—first, as it accurately describes a process of manufact- 
ure with which I fancy few of our members are familiar, not so 
much owing to the fact that it has so recently assumed so large 
proportions, as to the fact that this manufacture is carried on in 
a part of the country not abounding in Mechanical Engineers. 

In illustrating the value of the oil produced, ete., the author has 
adopted the graphic method, and a glance at his diagrams shows 
that his terminal lines, like those of commerce and manufactures 
generally, are all pointing downward. It would seem that the 
process, and the mechanism used for the production of cotton 
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seed oil resemble thoso used for the production of linseed oil, 
except as to the machines used to eut the seed previous to its 
going to the rolls. I would like to ask Mr. Thompson, if he 
is aware of any experiments that have been made, as to the mak- 
ing cotton seed oil by a process which is now being adopted gen- 
erally in the West at least, for making linseed oil, in which the 
presses are entirely dispensed with, the extraction of the oil being 
accomplished in a chemical way. I do not know whether it has 
ever been applied to cotton seed oil or not ; but it is claimed for the 
process that it is a much more rapid method of making oil from 
flax seed, and that a much larger percentage of oil is obtained in 
that manner. 

Mr. Thompson.—I\ would say that this method has been adopted 
experimentally in the manufacture of cotton seed oil, but never 
has been adopted commercially. It is done by the use of naphtha 
or some of the higher products of petroleum by leaching the oil 
out after the seed has been crushed or passed through some other 
process, and then this lighter oil is distilled leaving the cotton 
seed oil. It is found almost impossible to take the odor of this 
petroleum out of the cotton seed oil, and it has another disadvan- 
tage, that of a terrible fire risk. As it is now the insurance com- 
panies charge us from 5 to 6 per cent. insurance on our mills and 
the inspectors are constantly complaining. Though we make the 


mills in the very best way the inspectors are constantly finding 


fault. I had intended to make some allusions to the requirements 
of insurance in this paper, but it ran to such a length that I had 
to leave it out. There is a basis adopted by the tariff asso- 
ciations for a standard cotton seed mill on which the rate is 2 per 
eent., and they add so much for each deficiency. The mill, as pro- 
vided for by these associations, is to be built of brick and each 
separate machine placed in a separate house, and that makes it 
almost a commercial impossibilityto operate the mill. 
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CLXXIIT. 

ON THE THEORY OF THE FINANCE OF LUBRICATION, 
AND ON THE VALUATION OF LUBRICANTS BY 
CONSUMERS. 
«amy 


BY ROBERT H. THURSTON, HOBOKEN, WN. J. 


Ir is proposed by the writer, in the following paper, to consider 
the errors of the customary methods of finance, in their relation to 
the subject of lubrication, to exhibit the correct theory of such 
finance, as it appears to him, and, finally, to show what is the 
proper method of valuation of lubricants. The singular and im- 
portant losses which often arise from the common system of pur- 
chase, application, and valuation of the various unguents, will be 
exhibited, and illustrations will be presented, both of the present 
and of the proposed systems. 

This subject was first studied by the writer some years ago, and it 
was shown, in a work published at that time,* that very serious losses 
may follow the application of lubricants to machinery with no 
other guide to economy than the relation of their market prices 
and their friction-reducing power and endurance, under the given 
conditions of use. The equations here presented were, in most 
cases, subsequently developed in illustration of the principles out- 
lined in that work, and were first presented for publication in a 
paper read before the American Society of Civil Engineers, as a 
portion of a diseussion at a recent date.t+ The whole subject has 
also been traversed in the later work of the writer on the sub- 
ject of friction and machinery,} in which a chapter is devoted to 
the matter of finance in this connection, The following paper is 
intended to give a more detailed exposition of the subject than has 
hitherto appeared, and to present a larger collection of facts and 
data than could properly be given in the later work. A large pro- 

* « Friction and Lubrication,” New York, 1879. 

+ “*On the Real Value of Lubricants,” ete., Jan. 7th, 1885; Trans. Vol. XIII. 
p. 476. 


t ‘' Friction and Lost Work in Machinery and Mill-Work,” New York, 1885. 
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portion of this information also was not available at the earlier 


dates, 


The writer is under obligations to Messrs. C.J. HL. Woodbury, 


J.C, Hoadley, and 'T. N. Ely, for information which they ouly could 
satisfactorily supply, as well as to a number of other gentlemen who 
have kindly contributed facts and figures of great) interest in this 
connection, 

The Cause of Lost Work, in machinery, will be found, on the most 
casual examination, whatever the kind of mechanism, to be due, 
in every instance of well-designed and properly managed appara- 
tus, to the friction of parts moving in contact and under pressure. 
Further examination will show that it is the almost universal 
custom to endeavor to reduce this waste of cnergy to a minininm, 
by the use of lubricants which are interposed between the rubbing 
surfaces. The inference at once follows that the unguents form a 
class of materials the importance of which can hardly be overesti- 
mated. The etticiency of these substances, and their value in the 
market, thus become matters of supreme importance, since the effi 
ciency of the lubricant determines to what extent it is possible to 
reduce such losses of work and energy, and the price determines 
to what extent this is commercially allowable, and the cost of such 
economy of work and power. There is evidently some relation of 
price, efficiency of unguent, and value of work saved or wasted, 
which will determine just what lubricant may be best used. It is 
evident that the relation of either two of these quantities does 
not indicate which is the proper lubricant, or give the real value to 
the consumer of that which he may select for use. 

It is obvious that the real value of any friction-reducing mate 
rial has no necessary or direct relation to its market price, except 
in so far as that price comes in to determine the financial aspect of 
the question which arises when it is necessary to choose which of 
any number of available materials is, on the whole, best for a spe 
citied case, Its real value is actually dependent, not only upon its 
own intrinsic properties, but also upon the value of the power 
which is to be saved by its application. Its value to the con- 
sumer is thus dependent upon economical conditions entirely apart 
from those of its production by the vender—conditions which in- 
clude all which influence the total cost of the power saved or wasted, 
indirectly, as well as directly. 

The losses due to the friction of the working parts of machinery 
include vastly more than the mere loss of power in overcoming that 
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friction, They involve, often, an enormously greater amount of 
expense in the meeting of incidental losses, in the wear and repair 
of bearings and of journals, in the expenses arising from acei- 
dents traceable, more or less directly, to the friction of working parts, 
and in other less easily determined losses. Pires are sometimes 
caused by the use of improper lubricants, or by ineflicient lubrica 
tion; costly steam engines, and other machinery, have been ruined 
by “break-downs” in consequence of the excessive friction and 
abrasion caused by the use of such unguents; and fine mechanism 
is often seriously injured by the change of form and the * cutting ” 
80 produced, 

The common system of valuation of lubricants, and of purchase, 
if it can be considered a system, consists simply ina comparison of 
the market price of the available kinds with their friction-reducing 
power and their endurance, where these qualities are known, Even 
these essential quantities are seldom determined with any degree of 
accuracy, and the buyer is compelled to take what he can find, try 
it upon his machinery, and, if it produces no perceptible ill effect, 
to purchase at the best rates which he can obtain, and without be- 
ing able to ascertain to what extent he is the gainer or the loser by 
changing from one kind to another. It is usually assumed that of 
two oils having prices proportional to their endurance, or to their 
friction-reducing power, the purchaser may take either with practi- 
cally equally satisfactory commercial or financial results. The advisa- 
bility of purchasing is considered to be settled by this comparison, 
No comparison is made between the costs of wasted power and the 
expense of purchase of lubricants, as a rule,even by the most expe- 
rienced buyers. It is perfectly obvious that such a system must be 
absolutely wrong, as must any method which does not take into 
account every item of profit and loss dependent upon the use 
of the unguent, and which does not thus make it possible to make 
up a balance-sheet including all such items. The real question is 
not whether the difference in the price of any two oils is justified 
by the difference in their intrinsic qualities, but whether the profit 
to be made in the purchase of the one, rather than the other, is not 
more than compensated by the cost of the difference in power, and in 
running expenses, produced in the mill, or the shop, or on the rail- 
way train, by such substitution. If a dollar expended for oil may 
be made to show a profit of 25 per cent., in any given case of a 
change of lubricant, as represented on the books of the purchaser, 
it by no means follows that he has gained by the operation, It is 
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very likely to be—and, indeed, is often—the faet, that a comparison 
of the total running expenses of the establishment will show that 
this apparent profit has been made by the production of an actual 
net loss, in cost of power and other expenses, vastly exceeding the 
saving in purchase-money. To make the change advisable, it is 
evidently necessary that the total cost of operating the estab- 
lishment must be reduced permanently, or so long as the new oil 
is used, by the substitution of the latter for that formerly in 
use. ‘To determine whether the change is protitable, therefore, it 
is necessary to ascertain just what are the items of expense atlected, 
and to what extent the proposed change will alter their total 
amount. 

The total expense to be charged to the friction of machinery con- 
sists of the following items, as principals, and probably of minor 
and less easily determined expenses : 

(1.) The cost of power produced, only to be wasted by that frie. 
tion. 

(2.) The expenses incurred in wear and tear of running parts, and 
in the replacement of parts destroyed, either by direct strains or by 
gradual wear due to such exceptional resistances as are the effect ot 
excessive friction, 

(3.) The casual, the indirect, and often unperceived, yet none the 
less serious, losses throughout the system which are not ineluded in 
the above. 

(4.) The cost of the lubricating materials applied for the purpose 
of ameliorating these losses, 

The first item includes a part of the expense of the prime mover, 
such as cost of fuel and oil used on the motor, interest on the eapi- 
tal invested in the machine, and in the machinery of transmission, 
wages paid engineer and fireman, or other attendants, insurance and 
taxes upon that part of the plant, including so much of the build 
ing as is properly chargeable to the motive-power department, The 
second item includes costs of repair, retitting, or replacement of 
journals and of bearings, the repair of break-downs caused by ex- 
cessive friction, or by hot bearings seizing the journals, and, often, 


the cost of throwing out the whole machine and introducing a new 


one to take its place. The conditions determining the life of the 


machine, in fact, are what are included under this head. The third 
item includes the exceptional damages resulting from friction of 
excessive amount, and which may be more likely to occur with one 
oil than with another. Its amount can never be calculated with 
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any great degree of exactness. A hot journal may cause the delay 
of a train, and consequently a collision involving loss of life and 


destruction of property; a chronometer suddenly changes its rate, 


in consequence of the abrasion of some dry spot on its arbors, and 
causes the wreck of a steamship freighted with human beings and 


valuable cargo; the quality of the fabrics made in a cotton-mill 
making fine work, because of detective lubrication, is altered by 
the breaking of threads, by the imperfect action of looms, or by the 
lubricant spotting the cloth. Sueh losses are experienced very fre- 
quently in manufacturing, and in every mechanical operation, and 
The fourth last 
usually, itis probable, the least important of all, It is, however, 
one Which appears most prominently, and which is, therefore, most 


are very seldom exactly calenlable. and item is 


certain to appeal directly to the mind of the interested proprietor, 
and to the buyer of the oil. It will be seen, later, that this is so 
small an item, in many instances, that it becomes absolutely unim- 
portant, as influencing the choice of lubricant, 

The differences in the magnitudes of the losses comprehended in 
the first three classes of expenses, as above, are enormous; those oc- 
curring in the costs of oils and greases, as affecting those expenses 
become utterly insignificant in comparison. 

Such are the several classes of costs, the variation of all of which 
must be considered in any system of valuation of lubricants, and 
i It is ob- 
vious that a gain is effected, on the whole, only when the reduction 


in any systematic theory of the finance of the subject. 


of total cost, as above measured, is reduced ; and it becomes eco- 
nomical to buy a cheaper lubricant only when its use leads to a de- 
crease of expense in its purchase which is not compensated by an 
increase in the sum of the first three iterns above enumerated, 
Where all four items are diminished, the advisability of the change 
is indisputable ; but when, as is, probably, usually the fact, decrease 
in cost of lubricant implies increase of friction and loss of power, 
a careful balance must be struck. 

Before the real value of any lubricant to the consumer can be 
determined, therefore, and whether any proposed change is desir- 
able on the score of economy, it becomes necessary to ascertain the 
total expense chargeable to friction, in the manner already indicated, 
and to compare the difference of cost of unguents with the differ- 
ence in costs ot other items of expense produced by change of lu- 
bricant in the manner intended, In making this comparison it 18 
first necessary to determine in what terms these expenses may be 
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best expressed, and in what magnitude they enter the equations 
representing the problem. 

(1.) The cost of power wasted may be expressed in the usually 
adopted terms, the cost in dollars per horse-power and per hour, or 
per year; or it may be given in foot-pounds of work, irrespective 
of time. The first of these methods of valuation is the more com- 
mon, This quantity varies greatly in different localities and in 
different establishments; its average and fair value for ordinary 
cases will be given presently. 

(2.) The cost of wear and tear, and of depreciation, is an even 
more variable quantity than that of power. It cannot be stated 
definitely and generally ; but it may usually be very fairly measured 
for any given case. An allowance is customarily made based upon 
the value of all machinery subject to this kind of depreciation, — It 
will always be permissible to take this expenditure, in any establish- 
ment considered, as proportional to the power employed, and to in- 
clude it thus in the first item. It will be so included in the treat- 
ment here adopted, It sometimes happens that a decrease of the 
total power wasted by friction is accompanied by an increase in the 
amount of wear: in such cases the oil producing this remarkable 
effect, which is usually a mineral oil, without admixture, having 
too little body for its work, should be rejected without further in 
vestigation. 

(3.) The third item, the casual and irregular losses, should, where 
possible, be made a constant and regular item of charge by securing 
insurance against all such kinds of loss. Where this cannot be done, 
the proprietor should insure himself by accumulating a tund to meet 
this expense, assuming a rate of accumulation which experience 
may determine to be safe, for a series of years, This item then 
becomes chargeable as so much insurance, and can be introduced, 
with other insurances, in the first of the above divisions. 


All three of the charges above described may evidently be thus 


brought to one method of charging, and may be entered upon the 


account as so much per horse-power and per hour, or per year, or 
per foot-pound of work, if preferred. 

(4.) The fourth and last item, the cost of lubricant, is measured by 
the charge per gallon, and by the number of gallons used per honr, 
or per annum, or for the specified work. This is, in every case, as- 
certainable by observation, or trial, either in the establishment in 
which it may be used, or upon the testing-machine, under precisely 
the conditions, if attainable, as to pressure, speed, temperature, and 
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condition of bearing surfaces, of its application, in the shop, the 
mill, or on the axle of a railway train. 

Having thus reduced all expenses arising from the existence of 
friction to one measure, the dollar, and the cost of the lubricant be- 
ing expressed in similar terms, it becomes easy to solve the most 
vital of the economical problems arising in this connection, These 
two items, thus determined, being ascertained in magnitude, for each 
kind of lubricant, a comparison of the totals settles the question of 
profit or loss. In every case, the exact value of the items being as- 
certained, the conclusion becomes evident and certain. It is further 
evident that the uncertainty arising, in any attempt to make appli- 
cation of these principles, comes, in every case, not from inexact- 
ness of the principles, but from the difficulty, should any exist, of 
determining the exact values and precise conditions. 

The algebraic theory of this case is constructed very easily, and 
in a very simple manner, as follows: 

If, in any case, 4’ be taken as the measure of the power wasted, 
or of the work lost per hour or per annum, and if &' be its total 
cost, as above, for the unit of time, and if q be the quantity of the 
lubricant used in the same time and & is its cost, including its appli- 
cation to the journals, the total expense chargeable to friction, being 
called A’, must be measured by 


«Bat the work done is equal to the product of a constant, a, 
dependent upon the units emploved, the value of the coefticient of 
friction, 7, the total load, 7’, and the space passed over by the rub- 
bing surfaces, S, which last is also equal to the product of the veloc- 
ity of rubbing, V, and the time, ¢, taken as the unit of comparison. 
Then 

and the cost, A thus becomes 

or, 


in which 4 is a constant, in any given case, and equal to 
and the equation, as thus simplitied, may be applied to all cases. 
The value of f is to be ascertained by experiment, under the 


exact conditions of use, and this being determined, the total cost 
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becomes calculable, and a satisfactory comparison may be made, 
That lubricant is best which, all things thus considered, gives the 
lowest value of AY and where wear of serious amount occurs, as 
may happen when using oils badly adapted to the pressure and 
speed, the cost of such additional wear must be put in as an addi- 
tional charge. With properly chosen oils, in regard to which, only, 
any doubt can arise, in the endeavor to make a selection, this may 
be probably usually neglected. 

The value of the oil, in terms of the total cost and of cost of wasted 
power, is 
= 


which equation shows that the value is the greater as the quantity 


k (6) 


demanded is less, and that it also increases when the coefticient of 
friction decreases. These equations, also, show that the total cost 
is very nearly proportional to the coefticient of friction when, as is 
the usual ease, the cost of lubrication is small in comparison with 
that of the power wasted. The value of the lubricant is then very 
nearly proportional to the reciprocal of the coefficient of friction, 
and has no necessary, or direct, relation to the market price. It will 
be seen, later, that this conclusion is correct, and that the vrice of an 
oil, and even the quantity consumed, are matters of little importance, 
as a rule, in comparison with the amount of gain or loss of power 
by variation of friction of moving parts due to change of unguent. 
Two oils being compared, the costs of wastes are, respectively, 
and the saving effected by the use of the better lubricant is 
K, — K, =k, hy +h —fr). 
If the saving in value of power lost is just equal to the difference 
in cost of lubrication, it is evident that the change will not affect 
the total cost, and it is a matter of indifference whether it is made 
er not. That is to say, if b( 72 = — we shall have 
K,= Ay, and profit and loss are equal. When 4( 73 > Agi — 
the result is evidently a gain; and when the first member of the 
inequality is less than the second, a loss is effected. Thus we have 
a criterion of the advisability of changing the lubricant in the 
equations: 
qa 
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If two oils are compared, therefore, it is seen that, the first hav- 
ing the price, 4,, giving the coefficient, 7, when used in the quan- 
tity, 4, the second may be profitably used in the quantity, q, if 
giving the coefficient, 7, only when it can be purchased below the 
price A, of equation (10), the two prices being considered as inelud- 
ing the cost of application to the bearing and of removal. Should 
the oils compared have so little body that wear takes place to any 
appreciable extent, the cost of the wear is to be added to the cost of 
power, in each case, 


If, in any case, as often happens, the quantity used is practically 


the same, whichever oil is used, g, = g., and the criterion becomes : 


(2 


(12) 


The allowable purchasing price is below the value thus obtained. 
Where the same oil is used, but may be applied in greater or less 


quantity, we may obtain, similarly, a criterion for the quantity to 


be profitably used. It is evident that the advantage of increasing 
the quantity is to be found in the reduction of the cost of power 
and incidental losses, If, in any two cases, we get 


the gain just balances the ioss, and the criterion becomes 
= bd 


4 {4 


and, assuming it to be found, as is usual, that a decrease of power 
follows increase of freedom of supply of lubricant beyond the 
amount customarily given, the limit is reached at the above 
amount. This statement must, however, be qualified by the re- 


minder that it is often possible to supply oil as freely as may be 
desired, without important loss, by the use of a good system of col- 
lection and renewal, with occasional purification. The comparison 


then lies as in the first cases, the costs including those of puritica- 
tion and replacement. As the friction of lubricated surfaces is 
sometimes affected to a very great extent by variation in the rate of 
supply, especially at high speeds of rubbing, this case becomes im- 
portant. The lower the cost of the oil, in any case, and the higher 
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the cost of power, the more freely should the unguent be supplied 
to the bearing. 

When the relative durability and the coefficients of friction of 
oils proposed in any case, are known by direct experiments made 
under the precise conditions of intended use, it is equally easy to 
determine, wear being neglected, what are their relative money- 
values. If an oil already in use be taken as the standard, and if an oil 
to be compared with it is found to have e times the endurance of that 


standard, the quantity used should be gq, = % If the second oil 
e 


have a coeflicient of friction A times as great as the first, the work 
of friction will be correspondingly reduced or increased, and the 
cost of that work will dA The total costs will then be- 
come 

and the criterion is obtained, as before, by making these expres- 
sions equal, whence 


I: [aa 
“1 


= 


(17) 
1 


Any cost, on the journal, less than this value of %, is profitable ; 
any higher cost will produce a loss. At this cost, the user will 
neither gain nor lose by the change of lubricant. 

It is obvious that the value of 6 may be expressed in any conven- 
ient units of cost quite as well as in those above taken. It is 
usual to measure costs on railways by amounts per train-mile, as, for 
example, pounds per train-mile, in measuring expenditures of fuel, 
miles run per quart, or per gallon, in rating expenditures of oil. As 
has been seen, these are but a part of the total expense ; but it 
may sometimes be convenient to obtain an approximate estimate of 
the relative values of lubricants, on the assumption that wear and 
other costs may be neglected, and the value of >} is then to be ex- 
pressed in the money value of fuel used per train-mile; which cost 
will evidently be proportional tof. The relative costs will be pro- 
portional to the values of A. 

In railway practice, it is often found that the cost of wear is a very 
serious item, but probably only when using an vil which is unfitted for 
use as a lubricant, and which should never be used at all, as some of 
the black mineral oils. Could the lubrication be as effectively carried 


on as in other cases, and could the dust be perfectly excluded, the 
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loss from this cause would become insignificant. Assuming this to 
be the case, we may write the equation for this case, 


in which @ 7 is the total cost of power per train-mile. 
The criterion is found as before, substituting ¢ for 4, in the 
several equations already derived, 


As, in all cases, the cost of power wasted is a function of the 
quantity q, if the law of variation can be ascertained and expressed 
algebraically, the most economical rate of supply can be ascertained 


in making —— = 0,fora minimum. Similarly, the best value of & 


dq 
may be determined, for the case in which the same quantity is 
alwavs used, by making d A = @¢* 

The numerical value of the items which have been found to con- 
stitute the costs of lubrication and wasted power must be deter- 
mined before application can be made of the theory of finance just 
developed. Among these items, the price of oil, as has been remarked, 
is the least important; but it is that which is most prominent, as a 
rule, in the view of the buyer, as well as of the seller. These prices 
are continually varying, and it is impossible to find values for & 
which may be taken at all times probably correct, or as being 
always fair. The real value of the figure to be assumed is, as already 
stated, the cost of the lubricant on the journal, and includes the 
cost of application, as well as the market price. The figures given 
below will be taken here as fair values of the unguents named, as 
now sold in the market. In each case, the oil is assumed to be 
a good representative of its grade, such as may reasonably be ex- 
pected to be obtainable in the market by any skillful and experi- 


enced buyer who may choose to secure it. a a 
PRICES OF LUBRICANTS. 


Sperm Oil, per gallon, . $1.10 | Heaviest Mineral Oil, per gal., $0.75 


Neats-foot, 1.00 Medium Machinery Oil, 0.50 
Gui, “ 0.70 Light Lubricating Oil, 0.25 
Lard Oil, = . 0.70 Crude Well Oils, 0.20 
Greases, perlb. . eo 0.25 Kerosene (unrefined) 0.10 


* Encyclopedia Britannica. Art. Lubricant. 


t 
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These figures can only be taken as illustrative. The prices ob- 
tained. in the market for the machinery oils vary enormously, and 
without any fixed relation to their values. One maker has no 
spindle oil at a lower price than $0.40; while others make what 
they call spindle oils at one-half that price. Other oils and the 
greases, animal and vegetable, are subject to similar, but usually 
smaller, variations of price. In one case, the maker obtains less 
than 15 cents per gallon for a machinery oil; while the vender 
of a trade-marked oil uses the same grade, buying at that price 
and selling at a profit of several hundred per cent. 

The quantities of oil used for the various purposes of lubrication 
differ quite as much, where distributed by different hands, as do the 
prices. It may probably be estimated that at least one-half of all 
the power expended in the operation of the average manufacturing 
establishment is applied to the work of overcoming the friction of 
lubricated surfaces. The eoefticient of friction will average a high 
or a low tigure according to the kind of machinery. The heavier 
the latter, the lower the friction coefticient. Light machinery gives 
a high value of friction, which is therefore very great on the spin- 
dies, and on the machinery generally, of the textile manufactures, 
lower on the heavy machines of the iron-working trades, and very 
low, comparatively, on the axles of engines and railway cars. The 
range is probably from twenty, down to one, per cent., or even less. 
It will be here taken as averaging, in good practice, ten per cent. in 
mills, five per cent. on heavy machinery, and one per cent. on rail- 
ways. The oil must evidently be selected with a view to its use, 
the heavier pressures and lower coefficients being necessarily ob- 
tained with heavy lubricants—oils or greases—and the lower press- 
ures and higher coefficients being given where the lightest possible 
oils are properly, and customarily, employed, with more copious 
supply. 

The variation of friction with pressure, above alluded to, is illus- 
trated by the following values of the coefficient of friction, as ob- 
tained by the writer, the journal being of steel, in good order, the 
bearing of bronze—gun metal—working at a speed of rubbing of 
150 feet per minute, and running barely warm to the hand, condi- 
tions common in practice. 
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FRICTION AT VARYING PRESSURES. 


PRESSURE : LBS, PER 8Q. INCH. 

KGS. PER 8qQ. 
4. 10 (25 150 200 250 (800 1500 
0.3 0.7 1.8 10.5 14.1 17.5 21.1 85.2 


| 
0.12 0.08 0.040.01 0.01 | .01 0.005 0.0038 
0.06 0.014 0.018 0.011 0.006 0.004 
0.012 0.009 0.008 0.005)..... 
| 


The journal was lubricated, in the usual way, by means of an 
oil cup, the oil feeding down by a wick. As the cup was kept full, 
the supply was very free, and the figures are probably good for the 
case taken. These figures may be doubled by the selection of an 
unguent iil adapted to the work, and may be increased to almost 
any extent by abrasion and cutting. On the other hand, they may 
be decreased at least one-half by freer supply. 

The amount of lubricating materials used in cotton mills has 
been investigated by Mr. Edward Atkinson, who finds that, in fifty- 
five mills, working on similar fabrics, and among which a variation 
of 20 per cent. should not have been expected, the actual range 
was 350 per cent. Subsequently, careful management reduced the 
average from $10.03 to $6.67 per 10,000 pounds of cloth made. 
Another and still more important effect of this investigation, and 
the publication of its results, was the expulsion from that market 
of inferior and dangerous oils. The oils found in use, and tested, 
varied in quality to the extent of 300 per cent. The best oils for 
these mills were reported by Mr. Woodbury as being mineral oils 
mixed with some sperm or lard, and having a gravity of about 28 
to 32 Beaumé (S. G. 0.886 to 0.864).* 

The total power used in these mills is found by Mr. Henthorn to 
average about 0.75 horse-power per loom, or 15.75 horse-power per 
1,000 spindles, and to vary from 0.5 to nearly one horse-power per 
loom, or from 11 to 22 horse-power per 1,000 spindles. The same 
authority finds the power demanded by engine and shafting alone 
to form from 17 to 34 per cent. of the whole. The smaller of these 
figures represents the best practice, the higher figures show what 
may be expected with faulty arrangement and bad lubrication. 
The quantity of cloth made in New England mills, according to 
data furnished the writer, mainly through Messrs. Hoadley and 


* Transactions of the American Soc. Mech. Engineers, Vol. IV., p. 319, 
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Woodbury, ranges from about 2,000 pounds per annum, per horse 
power, up to above 3,000. A variation of temperature, such as oc- 
curs between winter and summer, causes a variation of ten per cent. 
in the production of cloth, the greater amount being obtained in 
summer. A mill making print-cloths, 64 threads to the inch, and 
of No. 32 yarn, with frame-warp and imule-filling, produces about 
one pound of cloth per spindle per week, and demands abont 16 
horse-power per 1,000 spindles. Thus 10,000 pounds of cloth per 
annum requires 200 spindles, and proportional plant, costing about, 
at present prices, or a little above, $11 per spindle for all machinery 
and buildings, exclusive of stock, land, and live capital, and the 
power demanded is not far from 3.3 horse-power, A New England 
mill, well known to the writer, contains 44,752 spindles, makes 
7,800,000 yards of cloth per year, weighing 1,240,000 pounds, the 
mill running 3,000 hours per annum, using 625 horse-power, and 
consuming 700 gallons of sperm and 2,900 gallons of mineral 
spindle oil per year. The sperm oil cost, at last reports, $1.22 per 
gallon, and the spindle oil 25 cents, Another large mill, near 
Boston, working 55,000 spindles, makes, annually, about 8,000,000 
pounds of cloth, requiring 1,300 horse-power, and using oil costing 
$1,300 per year. A 37-set woolen mill makes 750,000 pounds of 
cloth and uses 300 horse-power. 

On the whole, it may be said that the quantity of oil used in 
cotton mills varies from 10 to 30 gallons per 10,000 pounds of 
cloth made per annum, averaging not far from two gallons per 
horse-power per annum, and costing from 20 cents to $1 per gallon, 
averaging probably not far from 50 cents. 

A machine shop uses, properly, a much heavier oi] than a cotton 
mill, and much less in proportion to power employed. One of the 
largest and best known steam-engine building establishments in the 
country uses 120 horse-power, and consumes 350 gallons of sperm 
oil for the heaviest machinery, such as planers, and for the wood- 
working tools, 100 gallons of finest heavy mineral engine oil for 
the engine, 300 gallons of mineral or mixed oil, at about 40 cents 
per gallon, for shafting and tools, and expends a total, on lubrica- 
tion, of about $600 per year, an average of about 80 cents per gal- 
lon. Another and smaller shop, also well known to the writer, em- 
ploys but 30 horse-power, and uses 175 gallons of oil per year for 
lubrication, the average cost being but 18 cents per gallon. Still 
another establishment, building tools and light machinery, uses an 
estimated amount of 100 horse-power and 700 gallons of oi] at 20 
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cents per gallon, and for grease used on the main line of shafting, 
25 cents per pound. A similar shop of somewhat larger size, re- 
ports to the writer an expenditure of but 40 gallons per year on 550 
bearings, the oil being supplied by hand, a certain number of drops 
at a time, at regular intervals. Probably a fair estimate for the 
heavy class of machinery found in such establishments may be 
about 0.0002 gallon per horse-power per hour. 

The Lowell Pumping Engine, designed by Mr. Leavitt, uses about 
0.00015 gallon per horse-power per hour, a very low consumption 
for that class of machinery. 

Railway work is probably more exacting in its demands, and 
more variable in its practice, in regard to quantity of oil used, than 
any other class of machinery consuming lubricants. Its character 
is such that it should be comparatively easy to select the best lubri- 
cant for the case; and yet there is probably no class of machinery 
on which a wider range of quality and price of oil is to be found 
in use. The trade in oils for this work is in a singularly unsatisfac- 
tory state; and no system is generally practiced by which to deter- 
mine precisely which oils are best for the purpose. Consequently, 
the losses due to mistakes in selection and in the use of oils are 
often of enormous magnitude. In no direction is a definite method 
of test, purchase, and use of Jubricants more desirable than in this. 

The consumption of oil is usually reckoned per train-mile, and 
the following are the figures given by one of the best of the Massa- 
chusetts roads for one month on the engines alone: 


Coal—Lbs. per Mile. Oil—Gallons. 
Best Express Engines................ 43 0.009 
0.0094 
Average Passenger Engines 5 0.009 
a Average Freight Engines............. 0.0084 


The Boston and Albany Railroad, in November, 1884, reported 
the following: 
Cost of lubricants per mile 
Cost of repairs per mile 


Miles run per ton of coal 
Miles per quart of oil 


On the Boston and Maine road, the cost of fuel is given at about 
ten cents per train-mile, that of oil about one-half cent. The aver- 
age of all Massachusetts roads in one year, as given to the writer, 


. 


| 
02 


452 ON THE THEORY OF THE FINANCE OF LUBRICATION, 


was for wages on the engine, $0.28, for fuel, $0.115, and for oil 
and waste, $0.0105. On the Pennsylvania Railway, between New 
York and Pittsburgh, in 1883, the totals were reported as follows : 


Total mileage 15,625,478 
Oil, 613,478 
Tallow, 721,992 
Tons moved one mile 2,996,893 


The coal averaged in price but $1.00 per ton, exclusive of freight 
charges to the road, the wood cost $2.88 per cord, the oil 28 cents 
per gallon, the tallow and waste, each 8 cents per pound. 

The New York, Lake Erie & Western Railway reports for De- 
cember, 1884, as follows: 

PERFORMANCE OF LOCOMOTIVES. 

AVERAGE, MONTH OF DECEMBER, 1884. 
Length of Road 
Total No Locomotives, 241. 
Miles run per Locomotive 
No. of Cars per Trip—Passenger 5.0, Loaded Freight 
Percentage of Empty Freight Cars of all hauled 
5 Empty Freight Cars rated at 3 Loaded. 


MILES RUN TO 
1 Ton of Coal by Locomotives 20.46, by Cars a 
1 Pt. Lub. Oil & T. by Loco’s 18.55 
Lbs. Waste used per 100 miles 


COST, ETC., PER MILE. 
Loco. Mile. Car Mile. 


Oil, Tallow and Waste 
Loco. Furniture and Fixtures ..... 
Wages Engineman and Fireman... 
Repairers and Cleaners 


Total Cost 

rey @ 

Cost of Wood per Cord, $2.74. Coal per ton, $1.25. 

Time table mileage allowed and 5 m. per hour for Terminal Switch 


COST PER MILE, ETC., FOR 


Repairs of Passenger Cars, 0.53 cts. Repair of Freight Cars, 0.25 cts. 
Lub. Oil, Pass. Train Cars,0.06 “ Freight Train Cars, 0.01 ‘ 
Miles per Pt. “ “ 656.56 “ 210.32 


3 
..179.90 
052 0.08 
4.02 0.26 
013 0.01 
1.01 0.06 i 
. 
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The cost of wear of journals and of bearings does not appear, 
as a separate item, in the preceding statistics of railway economy ; 
but, as already stated, it is often a very serious expense. It has been 
found that, in some instances, the average wear is about one pound 
of journal for each 75,000 miles run, and the same weight of bear- 
ing for each 25,000 miles. Could the lubrication be made as pertect 
and the dust be excluded as thoroughly as in indoor work, the wear 
would be reduced to a fraction of one per cent. of these amounts, 
and would become insignificant. In one case reported to the writer, 
it was found that the cost of cil, for 100 cars moved 100 miles, 
was about $1.00, that of power $8.00, and the expense for wear of 
journals and bearing was $5.00 nearly. The estimate for cost of 
power is perhaps rather low. This remarkable case was observed 
where the lubricant was “black oil.” The tendency of this oil to 
produce injury of surfaces was called to the attention of the writer, 
some years ago, by a well-known railroad superintendent, who sent 
him samples of staybolt rods whose threads had been cut, one with 
lard, and the other with black oil. The first was as smooth as could 
be desired; the second was rough, ragged on the edges of the 
thread, and in places the thread was completely stripped. No dif- 
ference had been made in cutting except in the choice of the oils. 

The cost of steam power, which is usually the principal item in- 
cluded in the cost of the wasted work of friction, varies greatly 
with size and kind of engine, character of fuel, expenses of oper- 
ation, and with all the items, such as insurance, repairs and de- 
preciation, incidental to its use. A fair figure is, perhaps, for ordi- 
nary mill engines of moderate power, $0.02 per horse-power per 
hour, and double this amount is not unusual. Of this total, from 
50 to 80 per cent. may be assumed to be, on the average, the cost 
of fuel. Adding the incidental costs, it may be considered a fair 
estimate, for such cases, to take the total charge at $0.03 per horse- 
power and per hour. As the values of all items of expense, in 
every case, in practice, will be determined by direct experiment* 
and by observation, it is unnecessary to enter into this division of 
the subject very minutely, when, as here, only illustration of the 
principles developed is proposed. 

The actual cost of steam power in mills ranges from as low as 
$50 to as high as $100 per horse-power, according to circumstances. 
The latter figure represents the cost of the best odern machinery. 


* ‘On the several Efficiencies of the Steam Engine,’ Trans. Am. Soc. Mech. 
Engrs., Vol. III., p. 245, Journal of the Franklin Institute, May, 1882, Art. XIII. 
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The interest on first cost may be assumed at 6 per cent., the appro- 
priation for a sinking fund at 2} per cent., the working expenses at 
not far from 10 per cent., in good cases, and the cost for fuel, on 
the average, at about 20 per cent. of the cost of the plant. The 
total cost, thus calculated, will vary from, perhaps, $35 to nearly, 
or quite, $100 per annum, per horse-power. It has been taken, 
above, at $60, and about fifty per cent. of its own amount added 
for miscellaneous costs not included in the direct calculation.* 

In illustration of the application of these principles, the following 
eases, which are examples of practice falling within the experience 
of the writer, may be given: 

(1.) In a machine-shop using about 100 horse-power, of which 
one-half is supposed to be applied to the overcoming of the friction 
of lubricated surfaces of journals and their bearings, it is found that 


the cost of power is very nearly $100 per horse-power per annum, 
inclusive of all of the incidentals above mentioned. The average 
coefticient of friction is not far from 0.05; the oil used costs, on the 
average, $0.50 per gallon, consisting mainly of lard, and heavy 
mineral oils, and is supplied at the rate of 0.02 gallon per workin; 
hour, the working year consisting of 3,000 hours. 

Then, if 50 horse-power should be used in the work of overcom- 
ing frictional resistances, the cost of power would be $5,000 per 


r 


annum, or $1.67 per hour, which is represented, in the equations 
already given, by 6 7,. Since fi is tound to be 0.05, is equal to 
33.333. The oil used being found to cost, ‘a place on the journal, 
$0.50 per gallon, and to be used at the rate of 0.02 gallon per hour, 
the total cost of lubrication is $0.01 per hour. Hence we have 
(Eq. 4) : 

A, + = 0.01 + 1.67 = $1.68 . (A) 


or $5,040 per annum, 


Should it be proposed to make a change of oil, using oil costing 
but $0.25 per gallon, and of which 0.03 gallon per hour will be 
demanded, and which will make the coefticient of friction 0.06, the 
cost of power will be increased one-fifth, and that of oil diminished 
one-fourth ; the equation then reads: 


K, = 0.25 x 0.03 + 33.333 x 0.06 = $2.0075 . . (B) 


equal to $6,022 per annum. 


* For details of such estimates, see the papers and reports of Messrs. J. C. 
Hoadley and C. E. Emery, especially on the Watuppa Reservoir Case, and esti 
mates presented to the American Society of Civil Engineers. 
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The gain effected in cost of oil is one-fourth of one cent per hour ; 
while the loss, in cost of wastes power, is 33.333 cents per hour. 
In other words, a gain of $7.50 per annum on the books of the pur- 
chasing agent, or proprietor, is to be charged against a loss, in the 
cost of running the establishment, of $1,000. The net loss, is 
$982.50 per annum. 

Should it prove possible to adopt a system of oil-bath, or other 
method of free lubrication, so as to bring down the coefficient to 
0.02, as is not at all unlikely to prove practicable, and assuming 
that four times as much oil, of the second quality, is used as in the 


last case, we shall have 
= 0.08 + 0.666 = $0.696 per hour... 


$2,088 per year, producing a gain of two-thirds the total cost of lost 
work, as in the last case. This amounts to nearly $4,000 per year, 
or, as compared with the present running expense, as given in the 
first case to nearly $3,000, The annual cost of oil, in the three 
cases, amounts to $30, $22.50, and $90, respectively, and it is at 
once seen that, in this example of application, the saving, actual or 
possible, to be effected by any bargain made in the oil market, is 
absolutely insignificant in comparison with that to be produced in 
the shop by careful lubrication, A system of collection and purifi- 
cation of the oii running off the journals into the drip-pans may, in 
nearly all cases, be easily adopted, which will at once reduce the cost 
of lubricant, and make its first cost a matter of still less consequence. 
Finally, suppose a grease used in this shop, such as now costs 25 
cents per pound, and assume that it is given as a sample, costing the 
proprietor nothing, but bringing up the coefficient of friction, as an 
average, to 0.10: The cost of power is now the total expense, and 
this becomes 


or $10,000 per annum; while the loss to the owners of the estab- 
lishment, on their bargain, is $5,000 per annum. 

It will next be asked: What price represents the limit which may 
not be exceeded, without loss, in the purchase of the oils proposed 
to be substituted for that first used in this instance? This question 
is answered by the application of the criterion established by equa- 
tions (10), and (14). Thus, comparing cases (A) and (B), we have 


(fe — _ 0.01 — 0. 333 


qa 0.03 


k,= = 
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The second oil causes a loss of $10.78 for every gallon used, and, 
hence, cannot be used without loss, unless the user is paid that sum 
to take it and apply it to his machinery, Pe wre 
Comparing cases (A) and (C), using equation (10), = _ or 
& + 
and it is found that the second disposition of the poorer grade of 
oil is of such advantage that it is as well worth $0.84 per gallon as 
is the better oil worth $0.50, used as at first proposed, and as is cus- 
tomary. But it would be a still better investment, in all probabil- 
ity, to purchase the better oil, and to use as in the case compared. 
Comparing cases'(A) and (D), using equal amounts, per gallon, 


_ 0.00 — 33.333 x 0.05 
0.02 


=—$8344; 


and the heavier lubricant is found to subject the user to an expense 
amounting to over $10 for each pound used. It must not, however, 
be from this inferred that it is always wasteful to use the greases. 
They are often advantageous, where exceptional pressures are used or 


troublesome bearings are met with, and are sometiines absolutely 
indispensable, saving large amounts by their reduction of expenses 
in the cooling and preservation of journals and renewal of bear- 
ings. In the above case, it is probable that a much smaller quantity 
of grease than of oil would have sufficed, which would have re- 
duced the total cost of grease, if purchased, but would have pro- 


portionally increased the loss to the proprietor, both absolutely and 
as reckoned per pound of unguent applied. 

(2.) As a second illustration, assume a cotton mill to use a good 
oil, averaging $0.70 per gallon, at the rate of 0.7 gallon per hour, 
with a mean coefficient of friction 0.10, on machinery demanding 
400 horse-power, of which 120 horse-power is required to overcome 
the friction of surfaces lubricated by the oil. Taking the value of 
the power at $65 per horse power per annum, and 3,000 working 
hours, we have / = $26. If it is proposed to substitute for the oils 
used in this mill others averaging a cost of $0.40 per gallon, giving 
a mean coefficient of friction of f= 0.12, and of which one gallon 
will be used per hour, we shall have 
K, =049+2.60=$3.09, 

Ay, = 0.40 + 3.12 =$3.52, 


and a gain of 9 cents per hour, or $270 per annum, in buying oil, 
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is to be set against a loss of 52 cents per hour, or $1,560 per year, 
in increased expenses on the account of operating the mill, the net 
loss amounting to above one thousand dollars a year. Had the co- 
efficient of friction been increased to a greater extent, the loss would 
have been correspondingly greater. The differences among the lu- 
bricants sold for mill purposes in the market are sometimes enor- 
mously greater than assumed above, and a loss of $10 per horse- 
power, annually, is probably not an unknown ease, and this is 
equivalent to about double that sum per horse-power expended on 
the friction simply. 


Dai the criterion to this case, we have 
0.49 — 0.52 
k= = — $0.03, 


1.0 


as the loss on each gallon of the second lubricant. The owner of 
the mill cannot afford to accept it, in substitution for the better 
oil, as a gift. The substitution of an engine oil, on the spindles, 
for the best spindle oil, might readily double the expenditure of — 
power absorbed by the spinning machinery, and thus increase the 
cost of both lubrication and power, the former having both a higher 
coefticient of friction and greater price than the latter. 

(3.) In further illustration, assume a railway train to be supplied 
with a good standard lubricating oil for engine and axles, costing, on 
the journal, $0.25 per gallon, and to use 0.02 gallon per train-mile, 
the coefficient of friction, when everything is in good order and all 
journals cool, being 0.01. Taking as a fair figure, $0.10 per mile 
for costs of power and incidentals variable with power, and presum- 
ing that, under the circumstances, wear may be reduced to an unim- 
portant amount, and may be neglected, the relative costs of lubri- 
cating material and of power may be introduced into equations (18) 
and (19), as in the above examples. We thus obtain “get 

+ df; = 0.005 + 0.10 = 30.105, 


as the total money loss due to the existence of friction. 
If it be proposed to substitute for the oil in use a cheaper oil, 
costing, on the journal, $0.15, and of which fifty per cent. more will 


uncommon case—the total cost becomes 
K, = 0.15 x 0.03 + 10 x 0.015 = $0.15} ; 


and it is found that a gain of one-twentieth of a cent, per mile, in 
cost of oil, is met by a loss of one hundred times as much, or five 


30 
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cents per mile, in cost of power. Should the second oil give in- 
creased wear, its cost must be added to the account of losses pro- 
duced by the change. Had the second oil been used in the same 
quantity as the first,one and a half cents per mile would have been 
saved, over the last figures, and the loss would be then 3} cents per 
mile. 

To determine what could be paid for the second oil, as used, in 
order that no loss should take place in consequence of the change, 
equation (17) is to be used, and this gives 


005 
0.005 — 10 x 0.0005 _ go. 
0.03 


that is to say, the real value of the oil to the consumer is just 0, if 
the oil at first used was worth 25 cents per gallon. In many in- 
stances, in every-day practice, losses occur many times as great as 
those just estimated. 

The conclusions to be drawn from the principles and the theory 
which have been presented in this paper, and from the exainples of 
application to practice which have been introduced as fairly repre- 
senting their use in various departments of engineering, are obvious 
and definite : 

(1.) To secure the highest possible efficiency of machinery, and 
maximum economy in the operation of establishments in which it 
is employed, lubricants must be very carefully selected with refer- 
ence to the precise conditions, as to pressure, velocity of rubbing, 
ete., met with in the individual case. 

Where, as in machine shops and mills, for example, there exist 
great differences in these respects, it will be found advantageous to 
use different oils, as heavy oils on the engine bearings, special ‘ eyl- 
inder oils” in the steam evlinder, lighter oils on the shafting, and 
the lightest of the better classes of lubricating oils on light machin- 
ery, as on spindles. 

(2.) Differences in price of oils, or other lubricants, are usually of 
exceedingly slight importance in comparison with differences in 
costs of power; and the value of the coefficient of friction is, there- 
fore, of vastly greater consequence than either the price of the un- 
guent or its endurance. 

(3.) The best oils for specified purposes should be taken, asa rule, 
whatever their market price; while the oils which are not well 


adapted to the purpose in view cannot be economically purchased 


“Ol at any pl 
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It will often be found that the best quality of oil is not necessa- 
rily the best oil for any one specified purpose. An oil may be in-— 
—trinsically excellent, and may be a very expensive oil, but may, _ 


nevertheless, be absolutely worthless for the purpose in view. A 
good engine oil would, for example, be quite unfitted for use as _ 
cause of such considerable waste of power on light mill machinery 


spindle oil, and though several times as high in price, might be the 


that the mill owner, as has already been seen, might find it to his 
interest to decline using it, even if it were offered him asa gift. 


The heavy oils are the most costly, and, in this case, the better oil 
is therefore also the cheaper in the market. 


(4.) The cost of using a lubricant which is not well adapted to the. 
work is so great that unguents should always be tested, and their 
adaptability to the special case determined, by a correct system of 
chemical and physical tests, and by trial upon a good testing-machine, 
if possible, under the exact conditions of the intended use, 

The determination of the quality of any lubricant is an easy task ; 
but the identification of the real conditions of use, as proposed, may 
sometimes be difficult. The difficulty arises, however, not from 
faults of method of test or uncertainty of results, but from defects 
of design or construction, or sometimes of management, of the ma- 
chinery upon which it is proposed to use the oil, Where journals 
are kept in good order, and are properly proportioned, no difficulty 
need ever arise in the attempt to find the best possible lubricant for 


them. Asa rule, there is no excuse for a condition of machinery 
which gives rise to such uncertainties. As a rule, in all successfully 
conducted departments of business, such uncertainties do not exist ; 
_ they do not arise with sufficient frequency to invalidate the above 

~ rules. Testing-machines are now made in sufficient variety of form 
and of ample range of application, and of such satisfactory accuracy, 


¥ that there is no longer necessity of accepting the risks, and of meeting 
the enormous expeuse involved in the application of lubricants of 
unknown quality to valuable machinery. 

> (5.) Where lubricants of the precise quality desired are not found 
in the market, it is advisable to secure the right grade by mixing. 
This can always be done by making a series of mixtures of good 


oils, such that, at the one side, the gravity and other qualities shall 
be too high, and, on the other side, too low, for the special appli- 
cation had in view, and thus working out—after determining by 
trial the law of variation—the mixture most perfectly suited to the 
purpose. The writer has often been called upon thus to determine 
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the best of a series of mixtures for a cylinder oil, for ex: unple, or for 


an engine or a spindle oil. By this method he has sometimes a. 


proved the quality of an oil for a special kind of work more th: an 
one hundred per cent. 


Satistactory results can almost invari: bly 
be attained by careful and skillful work. 


(This paper received discussion jointly with that of Mr. J. T. Henthorn, which 
follows it, entitled The Power Required to Overcome the Frictional Resistances of 
Engine and Shafting in Mills, and its Cost.) 
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ON THE POWER REQUIRED TO OVERCOME THE FRIC- 
TIONAL RESISTANCES OF ENGINE AND SHAFTING 
IN MILLS, AND ITS COST. 


BY JOHN T. HENTHORN, PROVIDENCE, R. I. 


As a matter of interest bearing upon the question of the frie 
tional resistance of engine and shafting in mills, the writer has been 
prompted to enlarge and revise some material which has been pre- 
viously published,* and to present it to the Society in the hope that 
it may lead to an investigation and discussion of this subject which 
forms such an important factor in the running expenses of our 
mills, 

This subject has not, perhaps, received that due attention from 
those most directly interested which it demands as a matter of 
economy in the proportion of parts for the work to be done in the 
first instance, in the distribution of power to the various machines 
in the most economical methods, in the exercise of diligent over- 
sight in its adjustment and alignment, and in the selection of pro- 
per lubricants. All of these factors have a direct influence upon 
the cost of running, and may be increased or decreased, according 
to the judgment used in the designing and subsequent care bestow- 
ed in its management. In the past few years a fashion has been 
inaugurated to run very light shafting at high velocities, say 350 to 
400 revolutions per minute, for the main lines, and in many cases 


higher. This is very well where provision is made to take the 
thrust of the heavy belts by placing a hanger near the pulley—a 
plan which is made feasible by introducing stringers running par- 
allel with the shaft. But when applied to the ordinary construction 
of mills where the pulleys are liable to run under tight belts and 
to be placed some distance from bearings with bays from 8 feet to 


9 feet centers, it would seem that the advantages of less revolving 


weight are more than offset by the increased cost of running cansed 
> 


by the extra friction from shafts springing while doing their work. 


it ie true ‘hat self-adjusting boxes in the hangers which are now 


so universally used in the equipment of mills, alleviate in a meas 


* Cotton, Wool and Iron, issue of Jan. 19, 1884. 
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ure the trouble which would be experienced if boxes having fixed 
bearings were employed. In fact, this adjustability contributes in 
a large measure to the running of light shafting with any degree 
of success. But still, with all this, there exists a defect which can- 
not be overcome unless the shaftting is stiff enough to withstand, 
without deflection, the strain of the set serews in the pulleys, and 
to sustain the weight and tension of belte. 

If light shafting is to be employed, special provision is neces- 
sary to keep it in place so as not to be deflected by belts, by pro- 
viding bearings where they will sustain the thrust. One may be 
found necessary near each pulley. 

This matter of running belts as tight as a fiddle-string seems to 
the writer to be entirely uncalled for, as it only results in extra 
pressure upon bearings and a shorter lifetime of belt. It is, how- 
ever, hard to avoid it in the management of any mill. In some 
cases, as a result of defective design, it is a necessity in order to do 
the work, while in others it is merely the result of a lack of judg- 
ment on the part of those who do the repairs. From whatever the 
cause, the result is the same upon the bearings, and if light shaft- 
ing is employed, upon that also to a marked degree. 


This state of things suggests the importance of providing ample 


light single belts to do the work, secured under a light tension, re- 
volving upon pulleys of as large diameter as the case will admit, so 
as to make the velocity of the belt the predominating factor in its 
transmitting qualities, rather than its tension. These pulleys may 
be of as light weight as would be consistent with the work to be 
done. And finally there should be provided a shaft of sufficient 
diameter to insure its running practically in line, without being 
deflected by the load applied, either from weight of pulley or tension 
of belt. The writer has known cases where couplings were more 
to blame in causing a shaft to run out of true than any other cause, 
and all such cases have their effect upon the cost of running.  Itis 
therefore not safe to assume an increased cost as due to any one 
particular cause without a full consideration of a// facts. 

To earry out this plan of shafting will no doubt result ina slight 
inerease of first cost for the shafting and pulleys, but after the plant 
is once running the friction including the engine for a Print Mill 
should not exceed 19 per cent. of the full power. 

Referring to the table annexed upon that subject, it will be seen 
that out of the fifty-five examples of a miscellaneous character cited, 
there are but 7 below 204; 20 from 204 to 25%; 15 from 25% to 
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304; 11 from 304 to and 2 above 35¢ ; 
the whole number 55 is 25.94. 


while the average of 


In machine shops, where there is probably more shafting in pro- 
portion to the work done than in any other branch of manufactur- 
ing, the percentage of power required to overcome friction will 
exceed any given in the table, ranging from 45 to 50¢. This is 
brought about by the excessive number of counters employed for 
driving tools of very liz ht power while in operation. 

As would naturally be suspected, the smaller the mill, the more 
power is required to drive engine and shafting per unit of power 
of the full load from the fact that a less advantageous condition of 
things exists regarding the proportion and general arrangement 
of the shafting, many factors of which remain a constant even 
through quite a range and increase of power. Therefore the same 
degree of economy may not be expected in mills of small capacity 
which it is reasonable to look for in larger ones. 

To illustrate the cost for power, for running the engine and 
shafting, to overcome friction, the writer has prepared the accom- 
panying diagram (Fig. 149), in which the diagonal lines represent 
the different percentages of the full indicated power required to 
overcome the frictional resistance of engine and shafting. The 
horizontal lines represent the indicated horse-power that the engine 
is developing when on its regular duty, and the ordinates show the 
cost in dollars per annum for those elements, based upon $35 per 
annum as the minimum cost value of a horse-power., 

To use this diagram, supposing it be found that 25 per cent. of 
the full power is required for driving any engine and shafting and 
the full load is 860 horse-power; by following the diagonal line 
representing the 25 per cent. friction until it comes to the horizon- 
tal line representing 860 horse-power, the ordinate at this intersec- 
tion is found to be $7,550 per annum, as the cost of overcoming 
the frictional resi-tances. Now as a comparison, by following the 
same line of reasoning, and assuming, as has been before stated, 
that it is entirely practical to run a Print Mill under proper con- 
ditions with an expenditure of 19 per cent. of the full power for 
friction, it will be found that for this power 860 horse-power and 
19 per cent. we have $5,730, or a difference of $1,820, which is 
certainly worth considering, and it would pay in such a case to em- 
ploy a man to devote a portion of his time to keep posted as to the 
running condition of the shafting, and to hold him responsible for 
the care of this part of our machinery. 
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In the equipment of mills, engineers should above all things 
avoid any desire to economize in the strength of the first movers or 
jack shafts, where large belts are to be taken care of. 

Many cases come up where the shafts have been put in and have 
failed from their springing while doing their work, especially when 
the pulley is central between the bays. Such failures invariably 
show at their fracture a portion of the section as smooth as though 
finished with a tool, where the process of disintegration working in 
from the surface gradually wore away the fiber of the iron as the 
defect developed ; while the remaining portion would clearly show 
the changes which the iron had undergone by crystallization from 
the vibration to which it had been subjected. 

An instance may be cited, showing the effect of a continued 
vibration, where a piece of first-class hammered iron 11” diam- 
eter, was used for a time as a porter-bar in building up shafts, 
during the process of forging under a steain hammer. As the forg- 
ing was suspended in the crane, each blow of the hammer caused a 
vibration throughout the whole piece, which finally resulted in the 
dropping off of a portion of the porter-bar behind the crane chain, 
showing a fracture of a clear, but decidedly of a crystalline nature. 


In connection with this subject is appended a diagram which has 


been prepared by the writer and which he has found very conven- 
ient for reference, to show ata glance the size of shaft required for 
a given number of horse-power when running at a certain speed, 
(Fig. 150.) 

This diagram was prepared from the results of observation re- 
garding the transmitting powers of good hammered iron shafts of 
known diameter and speeds, ranging in their limits from the maxi- 
mum and minimum powers and speeds as given in diagram. From 
this it was possible to determine that for a good hammered iron 
shaft it is perfectly safe to use the following formula for designing 
work where = Diameter of shaft in inches of good hammered iron. 

R= Kevolutions of shaft per minute. 


P=horse-power transmitted. 
°/ 56 x HP 
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To use this diagram, supposing that it is desired to drive 900 — 
horse-power at 304 revolutions per minute; following thie horizontal 
line representing revolutions per minute and the ordinate, for 
power, it is found that the nearest diagonal line is one representing 
53" diameter. Or supposing there is ashaft 7j” in diameter and its 
speed is 170 revolutions per minute, and it is required to find the 
horse-power which it will safely transmit. Running along on the 
horizontal line of 170 revolutions per minute until the diagonal 
line is reached, representing 7{" diameter, at this intersection an 
ordinate is found representing the horse-power which in this case 
is 1,155, 

The question naturally arises, what proportion of this frictional 
resistance is due to working the engine itself. 

It is one that is governed by size, style, general proportion of — 
several details, and arrangement of parts, and in a measure, it 
may be said, by speed. This question can only be answered in a 
general way by citing a few cases of a particular class that have 
come up when running under certain conditions. Experiments were 
made with a 14” by 60” engine, running without belt and having a 
belt-wheel 16 feet in diameter and 21” face, weighing about 18,000 — 
Ibs., while running at different speeds up to 62 revolutions per 
minute. This engine had been recently furnished with a new eyl- 
inder, and would consequently require a little more power to over- 


come friction than one would expect had it been in operation for a_ 
time. The results are shown on diagram Fig. 150 A by the heavy 
full line A. The continuous light line 2 shows an assumed increase | 


in proportion to speed, and the dotted line C’ an assumed increase in _ 
proportion to that required for the maximum and minimum speeds. 
The average of the average pressures in cylinder was 2.3 lbs., cor-. 
responding to 7 per cent. of the rated power of the engine. 

For a 30” by 72” engine running 52 revolutions per minute, and 
a pulley 25 feet in diameter and 64” face, weighing ebout 56,- — 
000 lbs., with two belts, and corresponding jack pulley about 8 feet 
in diameter and a short piece of jack-shaft about 11 feet long 
working in two bearings, the average pressure was found to be 2.2 
per square inch of piston corresponding to 6.6 per cent. of the 
rated power of the engine. In a class of high-duty pumping en-— 
_gines the friction has been found to vary from 8 to 9 per cent. of - 
the indicated horse-power for good examples. This not only in-— 
eludes the friction of engine, but also that of pumps and water en-— 
tering and passing through the valves to the delivery main. 
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Upon a consideration of the matter, the writer believes that 53 
per cent. of the rated power fairly represents the amount necessary 
to drive the engine unloaded, and an additional 1} per cent. as the 
amount due to the load, making 7 per cent. as the amount to be de- 
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ducted from the total frictional resistances, to arrive at that required 
for shafting only. 

To determine the quantity and cost of oil used in the engine- 
room for general lubrication of valve gear, pins, main bearings, etc., 
and also the amount used to lubricate cylinders of engines, in- 
quiries were made among those interested with a result given in 
Table II. From this it will be seen that the total quantity of oil 
used for all purposes in the engine-room, per indicated horse-power, 
for a year of 309 days of 10 hours each, determined from the total 


POWER REQUIRED TO OVERCOME FRICTIONAL RESISTANCE. 469 
cost, column 20 and power column 6, is 42.4 cents, while the cost 
for general lubrication about engine-room (excepting cylinder) per 
indicated hoyse-power determined from average of cases given is 
22.5 cents. For the cylinder lubrication the average cost per indi- 
cated horse-power is 23.9 cents, and 1.37 cents per square foot of 
cylinder surface traversed by piston during one minute of time, 
ach item being for a year of 309 days of 10 hours each. 

The mean of these two figures 22.5 and 23.9 is somewhat larger 
than that determined by the totals, from the fact of a smaller 
number of cases being used which have these facts in detail. 

The probabilities are that one-half of the cost of lubricants is 
required for the engine cylinder and the remainder for general 
lubrication when run to the best advantage. 

Touching the question of economy in maintaining this last item, 
the writer would say, by all means provide drip-pans under cranks, 
main bearings, eccentrics, slides, ete, into which ali oil may be 
allowed to run freely through and from these parts. This ex- 
cess should be collected and afterward strained through a series of 
three sieves, of three degrees of fineness, made in the shape of 
pans one fitting the other and having fine wire-ganze bottoms, 
upon which is placed a layer of cotton-waste which may be renewed 
occasionally, 

There is no practical difficulty in carrying out this plan, as the 
oil may be used over and over again upon heavy main bearings in 
places where the temperature of the room is quite high (say 100° F.) 
without the slightest risk or inconvenience thereby, while the 
plan will materially reduce the running expenses for oil for this 
part of the machinery, 

Drips from shafting in inill, may be treated in the same way to 
good advantage. 

To arrive definitely at the quantity and cost of oil used in cotton 
mills for all purposes, including that for engine-room, letters of 


inquiry were addressed to a few leading manufacturers covering — 


the following items : 
Period of time covered by return in hours. y gt 
Total No. gallons oil used during that period for all purposes. 

Actual cost of same. 
Class of goods, 
No, of spindles in mill. 
No. of looms in mill. 


Lbs. of manufactured product during period. 


| 
| 


| | Ol. USED FOR GENERAL LUBRICATION. 
| jtraversed by piston 
; 3 2 an | | = oe jexposed per minute. 
= = | = = a | 5 a= zx? S=stroke in feet, 
5 R=rev. per min, 
Os 
| | | 
i. 2. 3. 4 5. 6 7. 8. 9 10 | ll. | 12 | 13 
~~ Al | Cents. Sq. ft. 
24’ 6’ +} Compound. | 4.296.201 
6 Single. 57, 500, | 836 | 97.5 Sdcts. g 19.75, $69.90 13.86 
2) 30” 6 Pair. 48. 900, 3,282) 244, 422. 114.96) 12.76 | 9,047.80 
23" 75.) | 4,640.25 
3 4’ Single. 100, 750, 1,700 | 156 4 §2.40 113.42) 15.12 | 60 
4| 24” Pair. 105. 700. | | 7,914.06 
5| 16” 4 Single. 53. | 60. | 3 jSScte.) 4.65) 16.90, 38.82 
6) 16” 4’ Single. sO, 120. | 300 2 SS cts.) 4,15 10.84 9.87 2,675.84 
4 Single. 80, 300, 300 3 55 cts. 1.63 16.99 5.66 3.68000 
§| 16” 3g Single. 80. | 80. | 300} 6 [55cts.| 3.39 33.99 4.24 | 2,341.36 
9 20° 4’ Pair. so. 417. | 800 12 55 cts.) 6.60 67 16.30 6,693.12 
10) 16” 4’ Single, 80. 60. 300 55 cts.) 2/90 22.66 37.76 2,675 84 
11 12” 3/ Single. 60. ‘5. 300 1 | DD 5.66 12.57 1,128.60 
12 | 23” 4’ | Single. 83. 260. 3,508. 23, cts.) 36.64) 88.32 12.43 4,108.16 
18) 14” Single. 62. 50. | 165.) 1.49 14.98 2,272.92 
14| 26” | Pair. (711. | 2,740.) Grease. 7.346 
30” | Pair. 5215 913.)| 792 Grease. 139.14, 542.88, 59.46 
120%") 4’ Single. 60. 180. | 792. Grease.| 80,06 385.76 72.83 2,509.2 
171 93” | 5 Pair. 49% G98, | 1,620. | 
Totals and Average. 7025, | | | | 22.5 ; 
Speed of main lines of shafting. 
To these inquiries, 31 replies were received, which are incorporated 
in Table III. just as furnished. For each case the cost was de- 
termined for one uniform period of time, as a year of 309 days of 
- 10 hours each ; also per spindle in cents; and per loom in dollars ; 
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TABLE 


TABLE SHOWING THE TOTAL COST FOR OIL USED IN ENGINE-ROOM FOR ALL 


upon the above basis. The cost for oi] per pound of manufactured 
product, in cents, was determined for the period covered by return 
only. 

From a summation of this table is determined the following 
facts covering the returns from the different mills, all of which 
were on cotton goods. 


7 


PURPOSES, 


| 3 
| OIL FOR LUBRICATING ENGINE CYLINDER. = 2 
4 | | x= 
3 Cost per year of 2 
| 309 days of 10 hours 
| | og each, per *q. ft. 
= >s = ersed by pistonex- . 
= = = posed during ove) = 
a AS SSS Se SS Dx SoS 
= S=stioke in ft. 
| 5 0s Borer. per min. = 
14. | 15. 16. 17 18. 19. Ww. 21. 
| | 
Cents. Cents. } 
Cents 
1 44 65 28.60 $105 71 21.16 | 984 $175.01 35.00" 
21754 OS ects. 113.01 107.24 «11.91 1.185 222.10, 24.67% 
3 162 cts. 137.70, 250.29 33.37 | 2.384 48.49 
4 15 65 cts 9.7% 100.42 14.34 | 1.208 26.48 
2 65 ets 1.20 13.39 22,31 50.63 
6 4 65 cts 2.60 26.78 22.31 | 1,008 } 31.35 
7 6 65 cts 3.90 40,17 13.39 1.091 19,05 
&§ 4 65 ets 2.60 26.78 33.47 | 1.148 75.96 
cts 5.20 53.56 12.84 | 800 29.14 
1 38 65 cts. 1.95 W.O8 33.46 71.23 
11) 2 65 ets 1.35 13.90 30.88 | 1.230 43.46 
12 14 (Sets. 67.60 59.63 22.93 | 1.451 91.95 35.36 
13 875 75 cts 12.36 24.73 43 19.85 39.70 
14 192, 98 cts. 178.56 201.36 28.32 
15 100 65 cts. 65.00) 253.59 27.77 2.562 | 796.47 87. 23+ 
1455 (65 cts 35.75 139. 17 O25 2.086 75.23 103.30 
i145 \75 cts. also includes that used on cross head slides, | 280.61) 40.20* 
| 23.9 1.37 | 2081.09 42.43 
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PER INDICATED HORSE-POWER PER YEAR OF 309 DAys OF 10 HOURS EAC H. 


Pounds of manufactured product during periods sence 

_ Cost of oil for all parposes for periods given. 

_ ost of oil per POUND OF MANUFACTURED PRODUCT.......... 
Total number of spindles in the mills............ er 

Total number of looms in the mills 


51,203,153 
$21,731.73 
.04244 cents. 
1,723, 804 
43 3,353 


Total cost for lubricants for all purposes, in the different mills 

for a year of 809 days of 10 hours each... $49,422.60 
Cost per year of 309 days of 10 hours each PER SPINDLE.... 2.8670 cents. 
Cost per year of 309 days of 10 hours each PER LOOM $1.1400 


br 


, Strained and used over again. 
dia., about 60’ long. 


* Oil from cranks, slides, main bearings, ete. 
+ Includes oil for lubricating, _ shaft, 7 
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DISCUSSION. 


4 


Sarrus.-—The following table may be found of interest in 
connection with the experiments tabulated in Mr. Henthorn’s 
paper, as well as in connection with Professor Thurston’s paper. 
The results were obtained on some tests in my own professional 
practice. 


MEMORANDA REGARDING POWER CONSUMED IN VARIOUS NEW 
ENGLAND COTTON MILLS. 


cylinders. 


Kind of Goods 
manufactured. 
whether single 

Nomber of 
per horse-power, 


Kind of Engine, 


Per cent, friction 


= 
= 


Number of Spindles 


Indicated power de-| 


| Number of Mill. 


Cambries,| Single. | 17,868. 


Cambrics. Single. | 29,904. 
Prints. | Pair. | 43,712. 690. 
Prints. Pair. 34,080. 621. 


She’tings.| Single. 23,584. 


She’tings.| Single. 


Prints. *Pair. 82,480. 


8. She'tings.| Pair. 56,224. | 3. 163. 


Mr, Walker.—It seems to me from my experience and the best 
authority I know of, that the coefficient 56 in this formula on the 
sixth page of the paper is entirely too small, even for yepeailacd ham- 
mered iron shafts as stated by Mr. Henthorn. 

Trautwine gives on page 182, tenth thousand, ce 4) 4 
Ie 

William Sellers & Co., page 341, Machine Tools, gives same 
formula as above. 

The coefficients in following table, which is the one which I use. 
give practically the same results as the above formula. 


* One cylinder idle when friction test was made. 


ee 
é 
314. 78. (5.69. 24.7. 
2. 89. | 7.09. 21.1. 
| | 
4. 125. 5.49. 20.1. 
‘7. ia 362. 85. 6.51. 23.5. 
/. 276. 71. | 5.64 25.7. 
7.27. 21.1. 
| 
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SHAFTING WILL TRANSMIT WITH SAFETY, BEARINGS SAY 8 TO 10 
FEET CENTERS. 


| 


| | | 
: Dia. of Shait,) Horse-power © Dia. of Shaft, | Horse-power Dia. of Shaft, | Horse-power 
r in Inches. | in one rev. in Inches. in one rey. in Inches, | in one rey. 
48 .008 544 1.728 
13; .0156 33; 2.195 
14 027 3, “3438 6\2 744 
.043 34h 3.368 
064 B12 78 4.096 
O91 728 8 4.912 
27, 1.000 5.824 
2s | 1.::28 97% | 6.848 


My y experience has rum n th: “a the above formula and coefticients 
are not too large when the transverse strain (or belt tension) is 
considered. I think Mr. Henthorn’s formula would transmit the 
horse-power so far as torsional strength is concerned, but would 
be inclined to doubt the formula for the necessary transverse 
strain with bearings, say 8 to 10 feet centers. 

To compare these formule I put the following question. What 
diameter shaft will be necessary to transmit 300 horse-power, the 
shaft to make 150 revolutions? According to Mr. Henthorn we 
have 


/56 x 300 _ 4 99" Dia, 
150 


And according to Trautwine, Sellers & Co., we have | 


/300 195 = 6.29" Dia. 
50 


The difference of 1.47’ in diameter is considerable. I know of 
no manufacturer who would be willing to guarantee good work on 
the formula advanced by Mr. Henthorn. Transverse strain (or 
belt tension) is one of the worst elements the manufacturer of : 
shafting has to contend with, and must be provided for otherwise . 
than by putting a bearing at every pulley. 

Mr. C. E. Emery.—\ consider the papers which have just been 
read of great value, and that we should encourage a collection of 
data from actual experiments and their presentation to the Society 
in such form that comparisons can be made. It will be noticed 
that Professor Thurston in his paper found it of interest to make 
extracts from that of Mr. Henthorn in illustration of features 
brought out in his own paper. ; 

I wish to call attention to one point in relation to the friction of 
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steam engines which is not generally known. The friction of en- 


gines determined from indicator diagrams with the load thrown off, 


known as friction diagrams, is frequeutly higher than the friction 
of the engine and load (the latter meaning the additional friction 
on the bearings of the engine caused by the external load). This 
results from the fact that all the stufling-boxes about an engine 
are set up tight enough to balance the full steam pressure, and 
they consequently produce much more friction when the engine is 
running light with a very low pressure than when the engine is 
loaded. It will be seen therefore that when taking friction diagrams 
the stuffing-boxes should always be slackened off. In fact they 
should be no tighter than is required for the pressure in making 
all experiments on friction, such as that of shafting or of special 
machines, I have proved the inaccuracy of the customary methods 
of ascertaining the friction of an engine by means of friction dia- 
grams, by the use of dynamometers transmitting the whole power 


of the engine. 

Mr. Bancrott.—I would like to call the attention of the Society 
to the statement on page six of Mr. Henthorn’s paper in regard 

to providing light single belts to do the work. In a number of 
experiments that my firm have been conducting lately in regard 

to the friction of transmitting the power by belting, we find that P 
the friction is scarcely dependent at all upon the work done, but 
depends entirely on the original friction due to the tension of the 
belts, and the only ease in which the work done affects the fric- 
tion is where the character of the belt is such that the tension in- 
creases in doing work. Hence I consider that this suggestion of — 
Mr. Henthorn’s to diminish the tension by increasing the diameter — 
of the pulleys is exceedingly valuable. 

Mr. Babcock.—Allow me to state a fact in regard to tight belts. 
In tests which were made at the American Institute some years 
ago between two engines, the results were made to show direetly 
the opposite of what they should have shown, from the fact that — 
one belt was a great deal tighter than the other. When one en- 
gine was tested the load at first was so great that the belt slipped, P ies 
whereupon it was tightened up as tight as it could be made with 
screw clamps. The load was subsequently reduced, and the other 
engine was run with its belt in its normal condition. The first 
engine showed a considerable percentage of saving on indicated 
horse-power, but on dynamometer power taken from the driven 
shaft it fell behind. This was ascertained afterward to be due 


; 


any one but this man. In a large machine shop, where the power 


the establishment would make it a very serious loss. I think that 


to our advantage to have one man to look after all the belts. 
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to excessive friction on the driving shaft resulting from this very — 
tight belt, and not to any fault of the engine itself. 

Mr. Hawkins.—The Mason Machine Works of Taunton, Mass., 
have thought it worth their while for a number of years to keep 
a map to attend to their belting through the whole establishment. 
Of course, that would be impracticable in small institutions, if 
confined to that labor alone; but the above-mentioned firm find 
that it pays to keep a man to do that exclusively. They will not 
allow a belt to be repaired or shortened or a new one put on by 


required to run shafting is so great in proportion to the work 
actually done, a little addition of tension on the belts throughout 


that is a subject that requires to be emphasized more in connec- 

tion with friction and Jubrication than has been heretofore done. 
Mr, Bancroft.—Onur experience has been exactly the same as 

has been referred to by the previous speaker. We have found it. 


Mr, C. E. Emery.—t would like to ask the question whether 
or not statements heretofore published are confirmed by the re- 
sults of practice, to the effect that a double belt will transmit the 
same power as a single belt of greater width, without extra fric- 
tion, provided both are of the same tension. 

Mr. Bancroft.—So far as our experiments have gone they 
show that the friction on the journal is proportionate to the 
tension, irrespective of the character of the belt or the diameter 
of the pulleys, excepting so far as the friction is affected by speed. 
The friction of journals is usually affected slightly by the speed 
of rubbing surfaces ; but I mean taking any one given speed in 
revolutions per minute and change the diameter of the pulley, the 
width of the belt, or the thickness of the belt, and the variation 
in friction with a constant tension bas been exceedingly slight. 

3ut the most curious thing that has been developed yet is the 
fact that with a flexible belt and a belt-stuffing which is some- 
what adhesive in its nature, we have found that the sum of the 
tensions on the two sides of the belt changes considerably as the 
work is increased. For example, if the sum of the tensions at the 
beginning was 100 pounds, we have had instances where the sum 
of the tensions in doing work was 500 pounds. That was an ex- 
treme case. But invariably the sum of the tensions is increased. 
I am in hopes of getting that in shape so as to present it at some 
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future meeting of the Society. It is contrary to what has hitherto 
been advanced in the text-books, and has been regarded with 
doubt by a good many persons to whom I have mentioned 
it; but I am satisfied that it is possible to demonstrate the 
fact. 

Mr. Thompson.—I have had some experience in increasing the 
transmitting ‘power of belts by running one belt on top of another. 
I have no exact data as to the power saved or as to the difference 
in power between that and a double belt; but it seemed to do the 
work so much more easily, putting one belt over the other, and it 
did not seem to produce so much displacement in the molecules 
of the leather. 

Mr. Cs FE. Emery.—Something somewhat in confirmation of the 
remarks of Mr. Bancroft occurred quite recently during the test 
of a dynamo at our boiler station. We were experimenting to 
determine the relative cost of electricity and gas, and, as a larger 
dynamo was to be used temporarily only, it was not thought 
necessary to purchase the wider belt required, but an old belt was 
used which was thoroughly saturated with oil. The belt would 
hardly run the dynamo at all, with the light load due to an open 
circuit at starting, although all the oil was wiped off that was 
possible, but as the load was increased the belt slipped less and 
less, and finally ran the dynamo at full capacity without increas- 
ing its tension. 

Mr. Bancroft—We lave found too, by actual count, that the 
slip on such a belt as Mr. Emery describes may be as high as 
twenty per cent., but if that slip is allowed to continue until the 
pulleys become hot then a change takes place and the slip rising 
a little higher than that, the belt will come off almost immediately. 
It seems to be a question of the temperature at which the belt- 
stuffing becomes fluid. 

The President—I\lt would seem from Mr. Emery’s statement 
that the belt did not slip. 

Mr. Emery.—With a light load the slipping was very great, 
and we had to put up boards to guide the belt, but, as more work 
was put on, the belt ran better and better. The belt was six 
inches wide and drove the dynamo when furnishing current for 
260 to 270 ineandescent electric lamps. 

Mr. Sweet.—I assume that in such a dynamo-belt running at a 
high velocity, the oil in the belt went to the outside of it by 
centrifugal force after it got going. There is a limit to which the 
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oil can be kept on the inside of a belt as well as a limit at which 
a belt can be run. 

Mr, Babcock.—1 should like to ask Mr. Emery if he found 
that result repeated, or was it only the first time trying. 

Mr. Lmery.—We were making a series of progressive experi- 
ments, varying the number of lights and determining the power. 
We got the belt to operate satisfactorily after a while. 

Mr. Hawkins.—1 experimented a good many years ago with 
some very high-speed vertical-belts running wood-working machin- 
ery for the manufacture of spools. The centrifugal force of the 
belt was an element, and a very great one; so great that, in a 
vertical belt four inches wide, running over a four-inch diameter 
pulley at the bottom, the four-inch pulley running at 5,000 turns 
per minute, we could distinctly see that the belt touched the 
pulley at the bottom only, say, about one-half of an inch of its 
circumference. So long as it was kept up at that speed, it would 
run cool; but, if we attempted to run the same spindle at one- 
half the number of turns per minute, it would heat up imme- 
diately. The belt would become tight from relaxation of the 
centrifugal force, and the same belt when standing still would be 
under so great a tension as to resound like a fiddle-string. 

Mr. Bancroft.—I\n some of our experiments we found precisely 
the same results that Mr. Emeiy speaks of. After the belt had 
been running there was a very great deal of slip, so that we would 
have to stop oceasionally and clean off the surface of the belt; 
but as soon as the stuffing became sufficiently absorbed and the 
surface of the belt got into proper condition, the slipping ceased. 

sut the twenty per cent. slip that I spoke of comes in as the load 
is gradually increased beyond what the belt is really capable of 
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APPARATUS USED IN TESTING MATERIALS. 
BY GUs. C, HENNING, M. E., NEW YORK. 


SEVERAL years’ work at testing iron and steel had made it evident 
to the writer that all auxiliary appliances in common use to meas- 
ure elongations of metals when subject to stress, are so extremely 
crude and unreliable that it was desirable to obtain better apparatus. 

So many points had to be considered to make such apparatus 
applicable in every instance, that it appeared desirable to use one 
kind for short specimens and another for long ones. Each had to 
fulfill totally different requirements, and besides being equally 
accurate throughout its range of work was to be so constructed 
that the apparatus could easily and at any time be checked by the 
observer to prove its accuracy. 

This latter point became so highly desirable by failure of old 
devices to give identical results for repetition of identical stresses 
that it appeared necessary to prove the correctness of apparatus 
employed before placing any confidence in results obtained. 

These devices were of necessity to be of such design as would 
make them convenient and practicable to be used in daily work 
under surrounding disturbing influences, and at the same time 
would not be liable to derangement from slight causes. 

Two years’ use of one, and nine months’ almost daily use of the 
other, have demonstrated their practicability ; the annexed tables 
of repeated measurements will demonstrate their accuracy. 

The design of this apparatus is laid before this society for the 
purpose of obtaining opinions and criticisms in order to be able to 
improve it still further, and to construct thoroughly reliable and 
accurate devices, to assist in the interpretation of results when test- 
ing materials. 

The first apparatus, which was designed in collaboration with 
Mr.C. A. Marshall, C. E. Engineer of Tests, Cambria Iron Co., Joiins- 
town, Pa., shown in Figs. 151, 152 and 153, in elevation, bottom 
view and half side view, is a “ double self-centering electric-contact 
Micrometer.” This apparatus consists essentially of two carrying 
frames, A and B, surrounding the test piece, s, symmetrically, which 
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are free to move with any change of length in the direction of such 
chi unge, Which latter is measured by means of a pair of finely divided 
micrometer screws and heads, m, carried by the one frame, opposite 
a pair of contact plugs, g, carried in a similar manner by the other 
secure perfectly symmetrical adjustment of this 
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apparatus with reference to the axis of the test piece, each frame is 
_ prov ided with a pair of spring-cushioned platens, ¢ 7, and a pair of 
— centering screws, /, placed on opposite sides of the frames and exactly 
midway between the micrometers; the vertical distance between 
the pairs of screws in the two frames is fixed by means of the side 
bars, 7, which swing around the shoulders on the frames, and are 
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made of any desired length, six, eight, ten, or more inches as seems 
desirable for the test. 

To facilitate the application of this apparatus, one side of each 
frame is hinged, but is fitted so nicely that there is no looseness or 
play inthe joints of the hinge, p, and the frame when closed is prac- 
tically solid, 
» & 


= 


Vertical scales, e, are provided to measure the amount of elongation 
when greater than the pitch of the micrometer screw. Each of 
the frames is connected with an electric bell, a circuit, w w, being 
established by bringing the point, 7, of micrometer in contact with 
contact plug, which is insulated electrically by a gutta percha bush- 
ing, 7, inserted in the upper frame. One wire is attached to the ends 
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of insulated contact plugs which are also connected to each other. 
The other wire of the circuit is connected to the lower frame, 
To be able to adjust the apparatus to any specimen, each 


each may act as a bearing tor the nut when it is turned to | 


increase or decrease the space between the opposite platens; 
to obtain a uniform adjustment these platens are adjuste 4 so as “ : 
stand the same distance from the axis of the instrument. When 
a test piece is inserted, these platens, having been properly ad- ‘ 
justed, will be forced outward symmetrically, as the springs are of 
equal strength and will therefore carry the frames with them. As — 
the edges of these platens are parallel and bear directly against the 
surfaces of the test piece, they will cause the frames to stand paral-— 
lel to it, and therefore as the micrometers are placed parallel in the 
frames, they will stand parallel to the axis of test piece. To in- 
sure proper adjustment ina plane normal to that of micrometers, — 
the centering screws are brought to bear against the surface of the 
- test piece after the side bars have been thrown over the shoulders 
on frame, and the points of micrometer have been placed under the | 
-eenters of contact plugs. Now the centering screws are forced 
into the test piece slightly until they have taken a secure hold to— 
: prevent slip; after this the side-bars are removed gently and having 
attached the electric wires the apparatus is ready to measure the 
elongation in the measured distance adopted. 
It will be noticed that the plane of contact lies midway between 
the centering screws, and this is one of the features of this design, as 
thus any flexure occurring in the gauged length does not introduce 


errors of measurements, as both screws and contact plugs will swing 
about the centering screws, and the lateral motion of the one will 
be precisely equal to that of the other, and the point of contact 
7 will not shift. 
To measure elongations in six inches, the contact plugs are _— 
drawn from their insulating bushes and others exactly one inch 
Bp ene are put in their place, while the micrometers are lowered 
one inch, thus leaving the plane of contact on the medial plane of 
the apparatus. To measure elongations in greater lengths, longer 
plugs are inserted and the micrometers raised a proper amount. 
The apparatus as shown is equally applicable to all shapes, from 
the size of a fine wire up to a piece measuring 14 inches in either 
all directions. 
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The essential features of this apparatus ia ; 

1. Its perfectly symmetrica] construction. 

2. Equally easy application to all shapes. _— 

3. Certainty of symmetrical adjustment about any test piece. 

4. Its exact adjustment to a definite length. 

) 5. The large size of micrometer heads, giving large subdivisions 

and avoiding entirely the errors due to the momentum of the hand, 

_ and also requiring the least possible force to turn the heads, which 
greatly facilitates ready and accurate manipulation. 

6. Its accuracy of construction, having been built by the Brown 

& Sharpe M’fg. Co., of Providence, R. I. 

Below are tables Nos. [., I. and IT. which give the elongations 


of a bar of steel, observations having been repeated eight times in 
rapid succession under leads increasing by 1,000 Ibs. at a time from 
0 to 22,000 Ibs. on the beam of the testing machine; these elouga- 
tions are the average readings of the two micrometers, and 344 ob- 
servations were taken in 2 hours and 40 minutes, which is alSut as 
rapid work as can be done under favorable conditions ; had any 


attempt been made to obtain precisely identical results by taking 
more time, there is but little doubt that even the slight errors found 


would have been eliminated. 
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TABLE II. 
Observations of Elongation of Pickled Round, C. I. Co., Lab. No. 682. Area of 
Test Piece = .5001 sq. in. March 25, 1885. 


Gus. C. HENNING. 


Time of Eight Series of Observation, 2 hrs. 40 min. 
No Rests between Series. . 
MEAN READINGS OF DOUBLE MICROMETER. - 
| | 
Loads. | | _ 3d 4th Sth | 6th 8th 
Series. Series. Series. | Series. Series. Series. Series. Series. 
-| — 
{ in. | in. in. in. in. in. in. in. 
0 .018775 .018850 .018925 .018812 .018812 .018875 .018850 .018775 
1000 19275, 19350) 19875 19300 19312, 19875 19850 19350 
2 19800 19850 19837 19987 198387 19850 19862 19850 _ 
3 20850) 208387) 20862) 320275) 20825) 20862 20825 
4 20800 20850) 20900 20825 20812 20862 20850 
5 21350) 21387; 21400, 21312) 21350! 21387) 21375) 21362 
6 | 21812) 21862) 21925 21800 21875 21887 21875) 21900 
7 | 29362 22887, 22462 29395 22400) 22887 29425 22412 
22900) 22900) 22925) 22862) 22825) 22887, 22975 22862 
9 | 284387) 23425) 23425) 28350 23425, 28437) 25475, 23462 
10000 23925 23962) 23987) 23825, 28950) 23950 24000 23950 
11 24462) 24450) 24475 24450) 24437) 24425 24475) 24412 
12 24975 24962) 24987 24912) 24925) 24975 24962 24937 | 
13 25400 254162) 25487 25500 25462) 25412 25450 25450 


25075, 26000 26000 25962) 25950) 25087 25950 25950 
26537 26587) 26462 26487 26550 26487 26500 26450 
27025; 27012) 27012, 27025) 27000) 27012) 27000 26987 


27600, 27587) 27525, 27525) 27525) 27550) 27512) 27525 


18 28025, 28087) 28075 28025 28062) 28050 28037 28000 
19 28625) 28637) 28625 28562, 28625) 28587 28575 28550 
20000 29137) 29150) 29137 29075) 29087) 29100 29075 29075 
21 | 29687) 29675 29650, 29625) 29612) 2675 29625 29575 
22 80175, 30206, 30125 «30112, 380137) 380175, 80175 380087 
Dropped to | 

2000 19975; 199387 19962 19850 19875) 19875 19800 19825 

0 | 18875, 18925, 18900 18837) 18875) 18850, 18775 18825 


Elongations from 0 lbs. to 22,000 Ibs. load. 
|.011400} .011350, .011200) .011300) .0113825; 011300 .011325).011312 


Fig. 155 shows the elastic curves of Tables I., II. and III. of 
three observations. 
The second apparatus is what is frequently but inappropriately 
— ealled a “ modulus apparatus,” because the modulus of elasticity is 
determined by interpretation of observations taken therewith, or 
_ by deductions therefrom. 
Fig. 154 gives the general construction of this apparatus in de- 
tal It consists principally of a graduated circle with a concentric 
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hub, free to revolve over a vernier in a horizontal plane when 
strained by a tape attached to the hub and an attaching post. 

The frame A, so constructed as to be easily attached to any rod, 
carries the vernier bracket 2 by a steel stud-pin normal to the 
plane of rotation and concentric with vernier V. This bracket has a 
lug through which a light rod passes carrying a lens Z opposite 
the vernier and which can be readily adjusted for focus, The up- 


Frame 


Spring Case 


Fe 


v 
i 
Clamp Screw = 
E 


Fig. 154 
APPARATUS 
7 FOR MEASURING 
MINUTE ELONGATIONS 
Designed by 
Gus, C. Henning, M. E. 


per part of stud-pin is also the axis of graduated circle C, which 
latter is provided with a spring case containing a clock spring, one 
stud of which is attached to spring case, while the other is attached 
to stud-pin. By means of this spring the apparatus returns to the 
original reading upon removal of load on bar to be tested. 

The gauge rod which carries the frame is secured to definite points 
on the bar by means of center punches pressed into the punch 
marks on the bar and held firmly by means of springs straddling 
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the bar. As one end of the gauge rod must be free to move with 
the elongation of the bar under varying loads, the free end slides 
in a slot in the post D, held in place by a spring and center punch 
G. The upper end of this post is split and provided with a thumb 
screw to fix the free end of the pulling tape which is secured to 
the hub below the circle. 

Thus having made two center punch marks, spaced a certain dis- 
tance apart, the center punches in the end of the gauge rod and 
post are dropped into these points and the springs placed so as to 


ress on the heads of the center punches and on opposite sides ot 
} I 


the bar. The tape having been previously fastened, the apparatus 
is ready to work, and upon a load being applied to the bar and 
stretching it, the free end of the gauge rod will slide in the post, 
thus cansing the circle to revolve over the vernier. Upon release 
of stress the spring will cause the circle to return to its original 
position, 

It will be noticed that the apparatus is balanced, and as the 
motion is in a horizontal plane the disturbing effect of tremor and 
jars is entirely avoided ; also, as the center of gravity is always in 
the same position and the direction of strain never changes, the 
friction will be constant and uniform for all positions of circle. In 
this construction the weight of the apparatus has no effect whatever 
upon the observations, as it will have in all arrangements of lever 
apparatus such as those designed by Bouscaren, Paine, and others, 
which can only be applied in a horizontal position, as their action 
would be totally different in any other. 

This apparatus may be applied and used in a vertical position with 
equally reliable results, as the relative positions of weights is con- 
stant, and gravity can have no effect upon the motion of any part. 

The hub // is supposed to measure exactly ;y of the diameter of 
the circle in order to increase motion tenfold to facilitate observa- 
tions, but as there may be errors of workmanship a provision ought 
to be made, as in every instrument of precision, to determine the 
values of observations taken; this should be done by apparatus 
which is to be used for test purposes only and known to be correct. 
For this purpose the post J) is provided with a fine micrometer 
screw attached by means of the screw S, in such a manner that any 
motion of the gauge rod may be readily measured by the microm- 
eter and every point of the scale checked by repeated readings on 
the circle for all positions. In this apparatus I have thus deter- 
mined the value of scale readings for each revolution of micrometer ; 
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a the annexed Table No. IV. gives the repeated observations of one 
4 such apparatus which reads to the s}5 part of an inch, while the 
checking micrometer reads to the sj)5 part of an inch. a 


7 


TABLE IV. 


Revol's. Readings on Circle. Average. 
9. Tae 0 0 0 0 more 
ag 1 240 240 240 240 240 
434 434 456 484 484, 
728 7300 728 728 7265 
4 976 976 976 976 976 
5 1220 1224 1224 1224 122% 
6 1472 1472 1472 1472 1472 
7 1720 -:1720 1720 1720 1720 
8 1964 1968 1968 1968 1967 
9 2216 2216 2220 2216 217 
10 2468 2468 2468 2468 2468 
11 2716 2716 2718 2718 2717 
12 2966 2968 2968 2968 29674 ’ 
13 3220 $218 | 3220 3220 32194 
14 3466 3470 8468 3468 3468 
j 15 3716 3716 3716 3716 3716 
16 =| «8968 3966 3964 3966 3966 
17 4218 4220 4220 4218 4219 , 
18 4472 4472 4472 4472 4472 
Ce 19 720 4720 4720 4720 4720, 
20 | 4972 4968 | 4968 4968 4969 
= 5 in. on arc = 5,034 in. by micrometer. 
<4 These four series of measurements are plotted in Fig. 156, which 


also shows a mean curve of successive differences for equal intervals 
of arc. These measurements show plainly that in this particular 
instrument the graduated are is not concentric with hub, but is 
somewhat eccentric, and therefore the mere observations of stretch 
of bars would be erroneous if no correction be applied. By inter- 
polation, the value of every point of the are is found; and having 
taken a number of observations, the values of the observed readings 
are obtained by referring to this interpolation. As long as the error 
of any apparatus can be and is readily determined, it is quite un- 
necessary to have the apparatus itself strictly accurate ; in fact, it 
is so difficult a matter to secure perfect accuracy that it is far pref- 
erable to take an apparatus as substantially accurate as is practi- 
cable, and then carefully to determine all errors, which can be 
checked and verified at any time. 
: Measurements of every description are purely relative, not abso- 
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lute, and therefore it is not necessary to have perfect apparatus, 
provided the equation of error is determinable and known. For 
instance ; it would be impossible to obtain perfect yard measures, as 
there are no two perfectly aJike, and the best vary differently for 
different conditions. It is therefore the usual plan to use a com- 
paratively accurate measuring apparatus, the equation of error of 
which has been carefully determined. 

Another apparatus of this kind which the Brown & Sharpe 
Manufacturing Co., of Providence, R. I., have constrneted for the 
writer, has an are which is divided into gy inches, giving observa- 
tions of elongation to the 9455 part of an inch. 

Such apparatus can be used for compression by simply attaching 
the pulling tape on the opposite side of the hub to that which 
would be used for tension, and the action of the apparatus will be 
precisely the same. 

When it is desirable to measure considerable changes of length, 
from one to three inches, a little bracket or table is attached to 
the post which carries and guides the forward end of the gauge 
rod. A complete revolution of the graduated circle, which is 
10,3; inches in diameter, corresponds to a change of length of 3.2 
inches. 

It may be urged that the tension on the tape will cause it to 
elongate and thus introduce errors in results; as the difference in 
tensions on the tape is less than one half pound it is readily seen 
that the elongation due to such load on a tape which has a sectional 
area of .375 x .005==.001675 eq. in., in 15 inches of length, will be 
equal to less than 30. eB = 0.000134 in., which is a va- 
riation from the average correct result of Jess than the smallest 
division of vernier. 

It may also be urged that the motion of the gauge rod will Jessen 
the obliquity of the tape to the direction of motion and thereby 
introduce another error; the effect of this change of direction of 
tape mnst be considered, as the tape is not entirely parallel to the 
gauge rod, but has a deflection of 4 in. in twelve inches on either 
side of the red. With a possible motion of the rod of three inches 
this will change the direction of tape from 4 in 12 to 4 in 15 in. 
and the error will be directly in proportion to the length of tape in 
these two positions. In the first case, the length of tape will be 
= 4/(4)? + (12)? =12.0000101 inches, in the second case the tape 
will be =4/(4)? +(15)? =15.0000081 inches ; and the difference of 
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tape in two positions or error due to same = 0.0000020 in., which is 
by far less than the smallest division on vernier. 

If the tape deviated from the direction of the rod as much as } in. 
then this would produce an error of 0.000479 in, for three inches 
motion of red or thirty inches motion of circle and correspondingly 
less for less motion. 

Moreover, when using this apparatus for the determination of 
the modulus of elasticity, for which purpose this apparatus was 
especially designed, the motion of the circle will be less than two 
inches for a gauged Jength of twenty feet, under loads of 25,000 
Ibs. per square inch, and the consequent error introduced for differ- 
ences of direction of tape will be infinitesimal. 

Even this error, small as it is, can be reduced by using a longer 
tape between the hub of circle and post. 

One point must be borne in mind in using this apparatus if cor- 
rect results are essential; that is, the bar or rod or section to be 
tested must lie ina plane during the entire test; should the weight 
of bar produce any distortions or variations, this or any other 
apparatus can never give correct results. 


One particular feature of this apparatus is its simplicity, and 


sinall number of moving parts, which are but two: the circle and 


DISCUSSION. 


Mr. Kent.—I had the pleasure of seeing this instrament about 
two weeks ago, and while [ had no opportunity of making a 
thorough test of it, it impressed me very favorably as being prob- 
ably the most accurate instrument which has yet been designed 
for the purpose. But Mr. Henning’s paper might be understood 
by some as giving the impression that Mr. Henning was the in- 
ventor of the whole apparatus. He has only invented certain 
improvements of an apparatus which has already been in use for 
about ten years; and it may be interesting to state the history of 
the getting up of that apparatus. In 1875 I was employed by 
Professor Thurston in making tests of materials. It was neces- 
sary to get some better method than we had of measuring elonga- 
tions. I applied to Professor Mayer to recommend some method 
of measuring, and he suggested a micrometer screw with an as- 
tronomical level attached to it, such as is used in Saxton’s com- 
parator, and such an apparatus was made which measured ten- 
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 thousandths of an inch. We found that that worked very satisfac- 
torily in transverse tests, but not in tensile. Professor Mayer was 
then experimenting on electric contact as a means of measuring 
distances, and he had me make some experiments to determine 
_ what the error of that method was. We took a very fine microm- 
eter screw, made in Paris, and fastened it to a glass plate and— 
took a small battery, and applied a weak current of electricity, 
making and breaking it to ring a bell. With that very fine 
screw, and with a weak current, I found that the error of contact. 
~ was something less than js5h59 of an inch. We then took the 
same micrometer which we had used with the contact level, , 
applied the electric current, and used it to measure elonga-— 
tions. That was the first application of the electric contact to 
the measuring of elongations, but we found then the error of the 
bending of the specimen made the apparatus worthless; and at 
the first operation several people at once suggested the way of 
remedying the error by using two micrometers, one on each side. 
Searcely any one can get the credit of that invention, because half 
a dozen, I suppose, suggested it at one time. But I think I was 
the first to use the micrometer screw with a contact level to de- 
termine elongations, and also the first to use electric contact for | 
the same purpose. A sketch of the first apparatus with two _ 
screws will be found in my paper on “Strength of Materials,” Van 
Nostrand’s Science Series, No. 41, published in 1879. On page | 
5 the paper mentions the essential features of this new apparatus © 
—1. Its perfectly symmetrical construction. 2. Equally easy ap-- 
plication to all shapes : both these points were in the first instru- 
ment. 3. Certainty of symmetrical adjustment about any test 
piece. 4. Its exact adjustment to a definite length. The third 
and fourth are, I believe, the improvements of Mr. Henning, and 
for these he should get credit, and he has made, probably, the most 
perfect apparatus in use for the purpose. 

Mr. Bond.—I would like to ask Mr. Kent if there would be any 
objection to using a microscope passing over a finely graduated 
scale? Would the shock of the breaking of the specimen have 

any tendency to injure the microscope? I should think that this 
would be the simplest method that could be adopted for the pur- 
pose. 


Mr. Kent.—We found that after repeated trials it was generally 
useless to adopt this apparatus for elongations much beyond the 
elastic limit. We then had to take a simple compass and scale. 
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Within the elastic limit of the test piece this apparatus is entirely 
satisfactory. The use of the microscope would, no doubt, be 
equally accurate. But the convenience of operation of the microm- 
eter with electric contact is vastly — to that of the 
microscope. 
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THE POLAR PLANIMETER. 


CLXXVI. 


BY CHARLES E. EMERY, PH.D., NEW YORK, 
Ir is safe to say that the principles of the Polar Planimeter are 


not generally understood. The term “ Planimeter” was first ap- 


plied to an instrument invented by a Mr. Oppenkoffer in 1827. 
This instrument was improved by a Swiss engineer, M. Welty, in— 


1849, and in 1854 the now well known Polar Planimeter was in- 
vented by Prof. J. Amsler of Schaffhausen, Switzerland. In a 
circular issued in English about the year 1863, relating to the 
Amsler instrument, it is stated that “a Polar Planimeter will not 
work with accuracy and precision if it is not constructed with the 
greatest care and a true knowledge of its mathematical principles ; 


therefore no counte-feit of the instrument is possible;” and in 


another paragraph the information is volunteered that the number 
engraved on the arm (which is to be added to the reading of the 
instrument when the pole is located within the figure to be measured) 


represents the area of a circle with the polar arm as radius. The 


latter statement is positively incorrect, and in connection with that 


quoted above may have been intended to discourage and possibly 


prevent the manufacture of the instrument in England and else- 


where. Fromm time to time during the last twenty years discussions 
of the principles of the instrument have appeared in technical 
works, some of them, it is said, employing in the demonstration the 
Calculus of Variations, and all,so faras the writer has seen, treating 
the subject in a general way as a mathematical problem or puzzle, 
but without formulating practical rules to enable the instrument to 
be properly constructed or adjusted when out of order. 

The writer has recently had occasion to investigate the principles 


of the instrument in order to adapt it for a special use in connec- 


tion with his business, and proposes in this paper to discuss the 
principles by both elementary and general methods, and to present 
the results in detail in convenient form for ready reference.* 


*On account of some difficulties experienced with one of the origi- 
nal Amsler instruments and the discovery of the erroneous statement above 
referred to, the writer decided to make an original investigation of the subject 
without reference to other discussions. Upon completing the investigation the 
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The following brief statement of the extremely simple general 


principles and governing proportions of the planimeter will be of 
interest to those who do not desire to study the demonstration. 

An arm carrying in bearings a revolving roller will be operative 
as a Planimeter, to show the area of any figure of which the peri- 
meter is traced by one end of the arm, provided the other end be 
guided to move back and forth in the same line, either straight or 
curved, 

First Conprrion.— When the angle of main arm is changed 
less than 360° and the tracer is moved backward to the original 
position. In this case the axis of the roller should be parallel to a 
line joining the centers at the ends of main arm, when the only 
proportions that affect the result are the length of the main arm 
and the diameter of the recording wheel. If N= length of main 
arm trom tracer to hinge, 7 = diameter of recording wheel, and J = 
number of divisions on the wheel, each representing a unit of area— 


difficulty with the Amsler instrument was traced to an error in the engraving 
opposite the divisions on the arm. Some literature on the subject was then col- 
lected and examined. Mr. J.C. Hoadley, M. E., loaned the work of Prof. G. 
A. Hirn, entitled ‘‘Theorie Analytique Elémentaire du Planimétre Amsler,” 
published in Paris in 1875, which elaborately discusses the instrument with main 
and polar arms of equal length, and gives a constant area which is correct for 
that special proportion and that only. Prof. J. Burkitt Webb, who had made a 
special study of the subject, called attention to several demonstrations, including 
one of his own. The demonstration of Prof. C., Cullmann, in his work on Graphi- 
cal Statics, published in Zurich in 1875, is very complete for all proportions, 
Professor Webb in his own discussion points out that if a line drawn across the 
face of the recerding wheel be extended past the pole, the perpendicular distance 
of this line from the pole will be the radius of acircle, of which the circumfer- 
ence represents the disiance moved by the recording wheel when the tracer is 
moved through a complete circumference. All of the demonstrations were 
designed more to prove the general accuracy of the principles of the Planimeter 
than to popularize the knowledge of the same and develop rules for the construc- 
tion and adjustment of the instrument, for which purpose it is thought the in- 
vestigation herein given is best adapted. 

Other articles on the Planimeter are to be found in Vol. VIII., Cosmos, Paris, 
1856; Reports of the British Association, 1872 (by F. J. Bramwell); and in Wil- 
liamson’s Integral Calculus, London, 1880. Prof. Webb reports also that there is 
a book on the subject written by Chr. Nehls, a Hamburg engineer, and, during 
the meeting, has been kind enough to refer the writer to a demonstration given 
in Prof. Barnaid’s report on the Paris Exhibition of 1867 (Vol. III. of Reports, 
page 623), to another in Spon’s Dictionary, and still another in the Journal of the 
Associated Engineering Societies, published last October in St. Louis. Articles 
on the subject ina pamphlet on Mathematical Drawing Instruments, by W. F. 
Stanley, 1878, and in Buff & Berger Hand-Book, were also referred to. The dem- 
onstration in Spon’s Dictionary is limited like that of Prof. Hirn. That of 
Prof. Barnard appears to cover the principal features, 
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(a) ND =~ 


or when J = LO, as is customary, 
_ 8.188 


0) 
J 

() 

Srconp Conpition.— When one end of the main arm is guided by 
a polar arm and the fixed point or pole is located within the figure 
to be measured. In this case it is essential that the tracer, the hinge 
and the axis of the wheel be constructed in the same straight line, 
and there is to be added to tle area indicated a quantity constant 
for the particular proportions of the instrument. If WV = length 
of main arm, from tracer to hinge, as before, /? = the distance of 
wheel from hinge, ? the length of the polar arm, and A, the area 
to be added. 

(d) A,=x(F* + N* + 
The minus sign, before the last term in parenthesis, applies when 
the tracer and wheel are both constructed on the same side of hinge, 
and the plus sign when they are on opposite sides. 

To change an instrument, with adjustable main arm from one 
system of units to another.—Simply measure the wheel by the 
desired scale of units and calculate the length of arm frem above 
formula, which will give the result in units of the new scale. The 
calculated length of arm may be multiplied or divided by multiples 
of 10 to keep within the capacity of the instrument, and the error 
thus introduced corrected by shifting the decimal points in the 
results. With a non-adjustable arm, multiply the reading by the 
square of the ratio of the new scale to that for which the instru- 
ment is adjusted. 

To apsust AN InstruMENT.—Simply put it in good mechanical 
condition so that the joints move freely and without shake, and 

(a) When the pole is without the figure: Adjust the length of 
arm by calculation or by trial of a known area, so that the reading 
shows the correct area. 

(b) When the pole falls within the figure : With length of main 
arm as before, adjust the position of the wheel with relation to the 
hinge, or change the constant, by calculation or trial, so that the 
difference of readings plus the constant will show the correct area. 

A number of radius slips of metal of different lengths, may be 
used to guide the tracer in an exact circle for the purpose of testing 


= 


4 

. 


_ THE POLAR PLANIMETER. 499 
the instrument, or an exact rectangle can be cut in a piece of metal 
or drawing paper and used to guide the tracer around a known area. 

When the main arm of planimeter does not make a complete 
revolution about the pole the operative principles of the instrument 
are as simple as those of a child’s counting frame. It is therefore 
thought better to take up this special case first, and thus gradually 
develop a more general demonstration. 

In Figure 197, let ad represent the main arm of a polar plani- 
meter, be the polar or guide arm, and d the recording wheel. 
Evidently, then, a is the tracing point and ¢ the pole, orfixed point 
about which the instrument is revolved. First suppose the radius 
arm 4¢ removed and the point 4 guided to move in a straight line, 
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term the line of reference. This could be called 

the axis of ordinates or axis of J’, but, as will be seen hereafter, it 
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may be runinany direction, and for temporary convenience only is 
represented as a vertical line. When the axis of the wheel d coin- 
' cides with the line of reference ge, and movement is made in that 
| line, evidently the recording wheel d will slip and not be revolved 
at all. If, however, the arm aé be deflected to any angle from eg, 
there must be, independent of the slip, a revolving movement of 
the recording wheel for every movement of the tracing point, a. If 
the arm ab be swung back and forth, about either of its ends as a 
center, evidently the revolving movement of the recording wheel 
_ @in one direction will be exactly neutralized by the reverse move- 
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ment, as the arm is brought back to the same position as belies. 
So likewise (still supposing the point 6 to be guided to move in the 
straight line g e) the movement of the tracer @ at right angles to gq e for 
a given distance in one direction, for instance, from 7 to 2, will pro- 
duce a certain movement of the wheel which will be exactly neu- 
tralized by a return movement, also at right angles to the line ge, 
through an equal distance, for instance g A, for the simple reason 
that the arm a6 is moved through the same angle in each direction, 

If, therefore, the tracer be started at the point ¢ and moved in 
the direction of the hands of a watch around the rectangle ifg 4, 
the revolving movement of the wheel d, when tracer is moved to 
the left from ¢ to 7, will be neutralized during the equal movement 
gh, trom left to right; during the movement 7g the recording 
wheel will not be revolved at all, and the whole effective revolving 
movement of the recording wheel d will take place during the 
movement of the tracer from / to 7 During the latter movement 
the center of the recording wheel d will move in a line d m, parallel 
to e g, and the wheel d be revolved a portion of its circumference, 
measured by the line mn, at right angles to the axis of the wheel. 
For, evidently, the result would be the same as if d slid in the line 
of its axis to x, thereby not revolving at all, and then were rolled out 
at right angles to that line, from x to m. Any doubt on this point 
can be overcome by imagining the wheel d to be toothed, and the 
paper on which it rests to be an elongated rack with the teeth ar- 
ranged, for the nonce, parallel to the lineab. But the line xm, 
representing the movement of the circumference of the wheel, is 
the sine of the angle adm, with dm as radius, and from similar 
triangles the movement of the wheel is proportioned to a /, the sine 
of the angle with the arm as radius. But ak also repre- 
sents the departure of the tracer from the line of reference ge, so 
the rate at which the recording wheel d is revolved is proportioned 
to the distance of the tracer a from the line of reference; for instance, 
the distance g / or f7, in this case, and also, evidently, to the dis- 
tance the tracer is slid parallel to the line of reference, viz., A @ 
in this case. The total revolving movement of the wheel is there- 
fore proportioned to the product of the two, or to the area, and the 
recording wheel d can be graduated so as to indicate the area, as 
hereinafter explained. Under conditions stated, the wheel should 
be graduated to show positive values when its top is moved to the 
right. If then the tracer, starting at ¢ (seven units in this case 
from the line of reference), be moved to five, then up that line to 
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gh, a and along gf and AZ to the place of beginning, the wheel will 
first subtract five times AZ, then add seven times 47, leaving a record 
of two times A7 as the area of the rectangle inc losed, or, if the ver- 
tical movement be reduced the area will be proportionately reduced. 
To the left of the line of reference ge the upward movement will 
be positive, so an area lying on both sides of ge will all be positive. 
The records are independent of the size of the rectangles, so any 
irregular area may be conceived of as broken up into small rect- 
angles, each of which may be measured separately or all together by 
tracing the outline. 
To find the proper proportions of the instrument, when operated 
as above, we use the following notation : 
= the actual area of the figure. 
= the indicated area of the figure. 
= the movement of translation of the center of recording 
wheel, as distinguished from the revolving movement. 
= length of the main arm, ad. ‘aby 24) TF 
= distance of recording wheel from center, 
diameter of recording wheel. aa 
the number of divisions of circumference of recording wheel, 
each division to represent one unit of area. 
— @ = the actual revolving movement of the circumference of the 
recording wheel, d. 
 @= the angle kha = ndm = the angle between the axis of 
recording wheel and the direction of the movement, J/. 
from the above we have: 


The actual area A = the departure from the neutral line, or V 
sin 4 multiplied by J/, so 
A= M Nsin 6 


Substituting value Jf sin @ from (1), we have in general, 


The number of square units in the area must equal the number 
of linear units indicated by revolving wheel, = @Q, divided by the 


. 


length of one unit, or —=-, hence 


Equation (1) is true for all values of sin 6. When 6 = 90°, 
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sin = M,and A= MN. Making this 
A = Aw we have 
2D 


~ When J = 10, as is customary, 
t 2 D 3.183 (9) 
_ For instance, for a main arm five inches long, the diameter of 
the recording wheel should be 0.6366 inch. 
With above proportions and under conditions stated A = A. 
In general hereafter we make 


until A; and A are proved equal under other conditions. 

The above demonstration applies only when the point 4 is guided 
in the straight line ge, called the line of reference, which it will 
now be seen can be run in any direction, as it can be proved in the 
same way as before by constructing small rectangles in the figure 
to be measured, with faces parallel and at right angles to the as- 
sumed line of reference. The instrument for purposes already dis- 
cussed will, however, be equally correct if the point @ be guided in 
a straight line and the point 4 used as atracer. This can also be 
demonstrated in the same way as before. The next step is to show 
that the end opposite the tracing point may be guided in any line, 
broken or curved, so long as the direct and return paths are identi- 
cal. This follows from the fact that if the tracer @ be guided in 
any straight line and the point d be moved back and forth in any 
line, for instance, the are bj, with the center at c, the combined 
slipping and rotary movement of the wheel when moved in one 
direction will be exactly neutralized by contrary movements in 
the other, so, on returning both ends of the arm to the same point 
through the same paths, the reading of the wheel d would not be 
altered. Neither of the end points would enclose an area, but sim- 
ply run ona line. So when one end, for instance >, traverses a 
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line, for instance the are produced by the guide arm ¢ 4 with center 
at the pole ¢, and the other end traces an area, the latter only will 
change the position of the recording wheel upon returning the arm 
to the original position. 

The above demonstrations apply only when the tracing arm ab 
is obliged to move angularly back and forth in order to trace the 
area measured, without causing the arm a@/ to make a full revolu- 
tion around the point 4, or the guide arm 6c, to make a full revo- 
lution around the pole c. Under these limited conditions, all plan- 
imeters are correct which have the right relation of wheel diameter 
to length of arm, wherever the wheel may be placed, either in the 
line a b, or in the same produced, or parallel thereto, so long as thie 


position of the wheel is maintained constant with relation to ad. 
This can be proved by simply running the line of reference through 
the axis of the wheel and proceeding as before. 

If the point 6 be guided in the line of reference and one side of 
a figure with length = f7, be brought to that line, since the area is 
shown only by the movement at the extreme end, say in the line 
hi, as before explained, the average height of the irregular figure 
from the starting point 7 will be shown after tracing the figure by 
moving the tracer a from 7 toward / until] the reading of the record- 
ing wheel is the same as at starting. This is the principle of the 
Coftin Averaging Machine, used chiefly for ascertaining the mean 
pressure of Indicator Diagrams. 

Next suppose a planimeter guided by a polar arm to make a com- 
plete revolution about the pole ec, which will then be located within 
the figure to be measured. In this case the tracer @ may be guided 
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over the outline of any irregular figure within the limits of the in- 
strument, which are fixed by the lengths of the arms and the ad- 
justment possible by changing the angle cha from 0° to 180°. 
Referring to Fig. 198, by inspection of any elementary figure, 
such as a, a, @;, as, inclosed by ares concentric with band ¢ respect- 
ively, it will be seen that the record produced by the direct move- 
ment of the tracer about 4 is neutralized on the return movement 
to the place of beginning or to any point equidistant from the pole 
ce. The final records are therefore those produced by revolution 
about ¢c, and if it can be shown that the area of every circle about 
ce (within the capacity of the instrument) may be ascertained cor- 
rectly with the instrument by tracing its circumference, the area of 
every sector will be shown by tracing its arc, and as every irregular 
figure may be conceived of as made up of an infinite number of 
sectors, with equal ares but varying radii, the instrument will meas- 
ure these sectors by simply tracing the perimeter of the figure. 
When the pole is without the figure, the sectors of larger radii will 
be added on the direct movement, and those of shorter radii sub- 
tracted on the return movement, so that this demonstration includes 
that previously given, 
In Figure 198 note letters of reference and notation previously 
employed ; also let ‘eit 
P = the length of the polar or guide arm ch. 
s = the distance ed in a straight line. 
r = distance ca in a straight line. 
@=theanglebed. | 
gm=theanglebca. 
In general if 
Amar. . . i» « 
Hence from (10) 
. . (18) 


From the general polar equation of a circle, with ¢ as the pole, 
eb as the axis of reference and @ and @ as the angles fixing the di- 
rections of the radii vectores 7 and s respectively, we have 

? .. . (14) 


In the triangle cd, from the geometrical formula relating to a 
side opposite an acute angle, 4, we have, 


—Ae(se— Rein. . 
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By letting fall perpendiculars from @ and d, on cb produced, we 


have by similar triangles 
res P:scos@—P::N:R. 
From (1 7) we have 
PR- PN+ Ns cos 
From (15) we have 
2Ps cosé 
From (16) we have 
I? + 2 Resin 
hence from (14), hat 
r= 2 Pr cos + N— 
From (18), 
Frem (19), 


= 2 


From (20), 


NR +2 Nssin@é— NVR + 


2 P+ 
ILence from (11), 
Compare (13), 


(17) 


(20) 


(22) 


which is the general equation of the planimeter for every possible 
proportion, when the pole ¢ lies within the area to be measured and 
« is not entirely revolved about 6. The latter qualification is ren- 
dered necessary for the reason that,so far, it has been assumed that 
the angle cf a@ is changed only to vary the distance ca = r, and 
the modification in result due to a complete revolution of @ about 


b has not yet been investigated. 
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In Fig. 198 draw s, tangent to the circle described by 2; also 
draw the line } d, a, at right angles to such tangent, and connect 
ca,=7, From the right angled triangles cd, b and ¢ d, a, we have 


Hence— 


ro=P?+N*-2NR. 


Comprising (24) and (22) it will be seen that the quantity to : 
added to the indicated area equals 7 7,?, the area of the circle gener- 
ated by 7 when s is at right angles to the axis of the recording wheel 
at the bearing point of the wheel on the paper. When the recording 
wheel d is placed on the other side of the hinge }, in the line a 4 
extended, /? becomes minus, which changes — 2 VR to + 2.V R; so 


when all lengths are considered positive, as in the introduction, the 
area 


2972 = a +N+2NR).... (25) 
represents the correct number to be engraved on the arm of a polar 
planimeter, which number, as explained by the maker, is to be added 
when the pole is within the area to be measured. The statement 
of the manufacturers that this number should equal 2 /” is very 


erroneous. The correct constant will be found on trial to equal 0 


4 


when V = & = P; to equal P only when R = = , as in the uni- 


versal sdeaiibdinie hereinafter discussed, and it will always be greater 
than P when J is greater than 22. The constant may become 
negative when, as is improbable in practice, Vis made less than 2, 
and P, also of reduced comparative length. 

It will be seen that in the first demonstration we had a dine of 
reference ; so in the above case, with the pole within the figure we 
have a circle of reference with radius 7; All areas exterior to this 
circle are plus, and all interior, minus, and are so recorded by the 
instrument, so that the algebraic sum of the indicated and constant 
areas gives the correct area. 

In general it may be stated that with instruments as ordinarily 
graduated all areas traced in the direction of the motion of the 
hands of a watch will be positive and those traced in the reverse 
direction, negative. Any included area may, therefore, be rejected 
by simply running in to it on a definite line, cireuiting it backward 
and coming out to main boundary on the original line of entrance. 

_ Finally, we will examine the modification in result when the 
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tracer makes a full revolution about b. We will suppose the point 
b to be fixed, as all movements about ¢ have already been discussed. 
Under such conditions the only movement of the surface of the 
wheel d, in contact with the paper, will be in a circle with d= R 
as radius. 


(From 10), 
(2) 


x When A = A, equating (27) and (28), . _ 


af 2 


.- Hence when one end of the arm a} makes a complete revolution 
about the other, the only correct position for the recording wheel 
d, is at the center of the arm. Such a revolution of the arm cannot 
be made with instruments as ordinarily constructed, and is not 
desirable, but is necessarily discussed in fixing the proportions of a 
universal instrument. In all cases, when stops are provided so that 
the angle ¢6 a can be varied only from 0° to 180°, or through any 
less range, the general equation (22) and that for the constant (25) 
are applicable. 


- 
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A special investigation of the particular case when 2 = V = P 
is interesting from the simplicity of the demonstration. Refer to 
Fig. 199, and use the notation previously given. 

The wheel d (which also forms 
the tracing point) may be re- 
volved about 6 to vary the dis- 
tance d ¢ = s the radius vector 
or variable radius of revolution 
about the pole ce. The moment- 


Fig. 109, ary direction of motion of d 

about ¢ is at right angles to s, or 
in the line of dd, since the triangle cd d, is always inscribed in a 
semicircle; the axis of the recording wheel is in the line of the 
radius b d = 22, so 6 = the angle between these lines, and we have 
by inspection— 


From (10), 
A,= MN sin 0 = 4727 sin?® 0 


. .. . (88) 


Hence, 
(34) 
showing that this form of the instrument, with the limitations before 
named (viz., that ab is stopped from making a complete revolution 
about b), gives correct results when a complete revolution is made 
about the pole, ec. Moreover, it is to be observed that no quantity 
is to be added to the indicated area to produce the actual area, or, 
in this case, 7 7, = 0, as previously stated. 

An independent investigation, by a different method, of the par- 
ticular case where the instrument is completely universal, that is 
when a can be completely revolved about 4 or c, may be of interest. 

Referring to Fig. 198, let fall on s a perpendicular from }, and 
designate the upper and lower segments of 8, by g and 7 respect- 
ively. We then have for the special case : 
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g == Resin 6 
By Geometry, 

and since s bisects 1, 

=2 
From (38), 

fi-g 
From (39) and (36), 


f+ 9= 
rom (10) and (42), 


sit 
From (37), 


] 
( 
sin = 
R 
From (10), 
A, = MNsin@=2 78 


From (45) and (35), 


From (44), 


From (46) and (47), 
A=4A, + a 


- Therefore in this special case 7, = P, as previously stated. 


wi 
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From (41), ‘ 
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CLXXVII. 


TECHNICAL TRAINING AT THE WORCESTER FREE 
— INSTITUTE. 
| 


In presenting an outline of the plan and operation of the Wor- 
cester County Free Institute of Industrial Science, especially in its 
relation to the training of the Mechanical Engineers, it is proposed, 
First, to refer briefly to the origin of the Institute. Second, to 
give its course of study and practice, by means of a chart showing 
the amount and distribution of the time devoted by the student 
to each study. This chart includes a scale diagram showing graph- 
ically the relative time assigned in the whole course to each branch 
or department, and is followed by diagram analyses of the several 
departments showing the course more in detail. Third, to add 
some explanation in reference to special features of the school 
training. 

The name of this Institute at once attracts attention. While 
in some respects it is appropriate and descriptive of the character 
of the school, in other respects it is liable to be misunderstood. 
The adjective “ Free” simply means that by a provision of the 
founder the Institute offers free tuition to residents of Worcester 
County, in which the school is located. Students from other local- 
ities pay tuition at the rate of one hundred and fifty dollars per 
year, 

The adjective ‘“‘ Industrial” means that the training of the school 
is to be directed toward the promotion of the industries of the 
commonwealth and country, through the development and appli- 
cation of science to its manufacturing and engineering interests. 
It does not mean that students are to devote their time mainly to 
manual labor while in the school or after graduation. It is true, 
however, that the school originated in a plan and purpose that it 
should teach the practical applications of science, and that as a 
means to such an end there should be a department of practice 
in the Institute. So strong was the purpose to emphasize this feat- 
ure that it was originally suggested that the name include the word 
practical, making the proposed name, The Worcester County Free 


> 
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Institnte of Practical Industrial Science. The fact that all indus- 
trial science is practical may have led to the omission of this ad- 
jective. This emphasis of the practical and industrial side, or of 
the adjectives of the name, tended to diminish the prominence of 
the word which they qualify, and gave to some the impression that 
the objects of the school could be attained by giving students 
mostly shop work and little science. But in the minds of those to 
whom the objects of the Institute were entrusted, the neces ssity 
of a thorough scientific course was clearly seen, while at the same 
time the determination that this should be accompanied by actual 
practice (which for mechanical engineers should be in a real work- 
ing machine-shop), and that the whole aim of the school should be 
to prepare young men for practical efficiency in their chosen de- 
partments, was firm and fixed. The only problem was to admin- 
ister the school in such a manner that these two elements should be 
blended in due proportions and in proper relations. The first dreams 
of the possibility of such an institution in Worcester were enter- 
tained by men who were unfamiliar with schools either of science 
or of any other department of higher learning. John Boynton 
desired to give one hundred thousand dollars to found a school free 
to youth of Worcester County, where studies could be pursued 
which were not usually taught in the public schools, and which 
should fit the youth for the practical duties of life. Ichabod 
Washburn had long cherished a desire to found and endow a ma- 
chine-shop where young men tould be taught in the principles as 
well as in the practice of mechanics, and could gain by an easier and 
shorter road, what he, as one of the pioneers in the wire manufact- 
ure, had struggled so many years to secure in the work of building 
up a business, involving the construction and use of complicated 
machines and delicate mechanical and chemical processes. 

It was in the plans and ideas of these two men that the school 
took root. They were unacquainted with each other, unlike each 
other, and the union of their ideas and plans resulted in the estab- 
lishment of an institution, which was independent in its origin, 
and could not fail to be unique in some of its features. While it 
was necessary and desirable that its course of study should include 
the subjects taught in other technical schools, yet the origin of this — 
Institute and the special provisions made for actual practice and for 
the application of science in connection with its acquirement in 
the school made it imperative that special methods should be 


adopted and that the work of the school should be such as ulti- 


» 


mately to satisfy the demands of the leading practical men, in whom 
the school awakened much interest and hope. 
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With this brief introduction the interval may be passed over of 
nearly seventeen years since the school first opened, and an effort 
will be made to state clearly just what is now done in the Institute 
for a student who takes its course in mechanical engineering. 

This department is selected because it is the one in which the 
gentlemen of this Society are primarily interested. It may be said 
here that the same general plan is pursued in all the departments, 
the practice in each being appropriate to that department, but 
thorough and practical. 

The course in mechanical engineering extends over three and a 
half years. The other courses occupy three years. The prelimi- 
nary half year for mechanical engineers is devoted largely to prac- 
tical training in the shop, and was prefixed to the regular course in 
order to give more practice in actual shop work than the practice 
time of the three years could secure without impairing the effi- 
ciency of the general course or crowding out the more advanced 
work of the shop course, 

To spare you the tedions repetition of the students’ hour plan, a 
chart has been prepared, which shows at a glance the course of 
study and the distribution of the time allotted to each subject. For 
each recitation of one hour, there are reckoned two hours of prepara- 
tion. Some lectures, and exercises in drawing, laboratory work and 
practice, do not require preparation. 

Following the cnart are pages giving diagram analyses of the 
departments of study and practice, sutticiently in detail to show 
their character and scope. 

It will be seen from figures at the bottom of the chart (total 
hours per week) that the number of hours which the student. is 
occupied is large, ranging from fifty-nine to sixty-eight hours per 
week. This is not all or nearly all study or close mental work. 

Ten hours per week is practice: this practice always begins at 1 
o'clock p. mM. and closes the following day at 12 M. By this arrange- 
ment of the time the student having begun his practice for the 
week can use a machine without removing his work or being inter- 
rupted until the week’s practice is completed, when the work is laid 
aside to be resumed the following week. The shop is thus full of 
students from Monday noon to Saturday noon of every school- 
week. This ten hours of work gives change of occupation and 
relief from study. Then there are from six to ten hours per week 
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devoted to drawing, and several hours of laboratory work, all of 
which is mainly an exercise of the physical or perceptive faculties, 
so that the time devoted to purely mental effort is reduced to five 
or six hours per day, for a student who faithfully devotes all the 
time assigned for the preparation of lessons. Some work as much 
as this, some get along with less, and some undoubtedly give more 
than the allotted time to the work. 

No effects indicating over-work in general have been observed ; 
on the other hand it seems that the discipline of steady and con- 
tinued application is one of the good elements in the training. 

The Institute requires hard work and close application, and 
thereby secures a class of students who propose to make their way 
by work, while those who want an easy time can seek elsewhere an 
easy se to knowledge. It is true, however, that there are evils 
arising from an over-crowded course, which should be guarded 
against, and it is possible that at some points it might be better to 
give a Jittle more time for the work required. The department of 
practice occupies the largest area in the time diagram for the 


course. While this fact clearly accords with the purpose to make 
instruction in practice a prominent feature, it should not be inferred 
that its influence is detrimental to the thoroughness of the instrue- 
tion in other branches. Of the 2,376 hours of practice,-800 hours 
are made in the Apprentice half year preceding the regular school 
course of three years, and 336 hours is summer practice made out- 
side of term time, leaving but 1,240 hours which are taken up by 
practice in regular term time. This is much less than the time 
given to the study of mathematics or language during the same 
period, and only about one-sixth of the students’ working time dur- 
ing the term. Moreover much of the work put down as practice, 
helps rather than hinders the theoretical studies. This is especially 
true in the latter part of the course, when the engineering probiems 
which arise in designing, draughting and constructing machinery, 
are a direct stimulus to proficiency in applied mechanics and pliysics ; 
to the aecquirement of ability to use knowledge with good judgment, 
and a help to the persistent pursuit and study of the profession in 
years to come. In a word, the course in practice as arranged and _ 
carried out does not in any degree, all things considered, diminish 
the efficiency of the school training. From a study of the working 
of the system, for sixteen years, I believe that a higher standard of 
true attainment, and a better quality of mental discipline is secured 
than would have been secured without the shop department. 
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Bearing in mind then that the student has (outside of and un- 
impaired by the practice) a course of mental training in the Insti- 
tute for three full years, let us inquire what are some of the re- 
sults of his work in practice? As I have endeavored to show that 
much of the practice is helpful indirectly to the other departments, 
it is equally true that the school training is essential to the best re- 
sults of the instruction in practice. The favorable influences under 
which the student works, the relation of his work to his mental 
training, and the systematic distribution of his practice through the 
course, must be taken into account in considering the claims which 
experience enables us to make in regard to the practical attainments 
of graduates. In regard to skill, it may be said that the graduate 
has learned a trade. Estimated from the most practical standpoint, 
that of his value to his employer, he is the equal in skill of the 
young man who has served an apprenticeship of three years, and 
this without counting his other attainments. He can put aside all 
pretensions to education, and taking his place in a machine shop, 

earn fair wages, say from $1 to $2 per day. 

Because he can do this, it does not follow that he will. There 
has sometimes been an attempt to show that the result of the train- 
ing of the Institute is to produce mechanics, because it has a shop 
and teaches students a trade, and that its graduates are inferior to 
those of other technical schools in other attainments, though every- 
where, as far as [ am aware, they are acknowledged superior in 
practical skill with machines and tools. 

The work of this department of the Institute in training mechan- 
ical engineers, proceeds upon the assumption that a knowledge of 
machine-shop practice is the best foundation for success in mechan- 
ical engineering. The draughtsman, the designer, the inventor, 
the engineer, must go to the shop for the perfection, embodiment 
and execution of his designs, inventions and projects. To be igno- 
rant of the possibilities and practices of the shop, is a life-long 
drawback and disadvantage. Therefore the first point at which 
the department of practice in the Institute aimed, the attainment 
which it insisted upon as necessary, and the object which it has ac- 
complished, has been practical skill in machine-shop work. This 
attainment has been reached by a plan and means which were pe- 
culiar (in this country at least) to this Institute. The donation and 
endowment of a machine shop, to be a department of the School, 
and along with the shop the conditions which made it necessary 


that it should be a shop for real business, the provision “ a super- 
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intendent, with fixed duties, to administer the shop in the interests 
at once of education and of sound practical training and the efficient 
support of men of liberal views as well as eminent attainments in 
manufacturing, engineering and professional pursuits, constituted 
an element in the plan of a technical school which was entirely 
new. Such a plan would not have been developed as the out- 
growth of aschool. The plan was the result of the perception on 
the part of practical men of the need of intelligent skill, obtained 
in connection with instruction. The Washburn machine shop has, 
in accordance with this original plan been a business shop. It has 
sought to produce the best machines of their kind, and to do thor- 
ough work in all departments. An examination of the last column 
in diagram No. 1, will show the range of work done. It will be 
seen that contracts for work involving engineering ability have 
formed a part of the business. In all this work, the standard of 
production has been just the same as that of any shop striving to 
build up its reputation and win success. 

It has looked wholly to those best fitted by practical experience, 
to judge of the quality of its products. The shop does not depend 
upon the students to carry on the work. The students do not go 
from the school to help fill the orders of the shop. The students 
go to the shop to see how business is done, what standards must be 
reached, and to take a responsible share in the work. 

The shop does not try to see how good a machine it can build 
with boys. It builds a machine to suit the rigid requirements of 
the purchaser and teaches the boys what these requirements are, 
giving them every opportunity and incentive to reach the highest 
attainments in their work. 

The fact that a proper standard must be reached in every piece 
of work, that this is inevitable, and that not to reach such a stan- 
dard constitutes a failure on the student’s part, and causes his work 
to be rejected, puts a value upon the work, and develops in the 
student a feeling of responsibility and enthusiasm which is a great 
factor in his progress. 

But the work o7 this department will be misunderstood, unless it is 
remembered that this administration of the shop on business princi- 
ples is adopted not as anend, but as the best means of securing the 
objects of the department, viz., educating and training the students 
in the practical mechanics. There seems to have been much mis- 
conception in regard to this department of the Institute. It has 
been claimed that it degraded the training to make the shop a 
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money-making institution; that it is a mistake to combine educa- 
tion and business; that business cannot be successfully carried on 
with boys; that it has been tried and proved a failure; that it is 
absurd for a school to sell anything. These notions evidently arise 
from a misconception of the plan and relation of the machine shop 
to the school. It is easy to fall into the error of thinking that a 
school has undertaken, by getting a room and some tools, to accom- 
plish the feat of instructing students and at the same time making 
machines which are sold at a large profit, because made by student 
labor which is not paid for. Nothing could be more impracticable 
than this,and nothing could be further removed from the plan and 
operation of the department of practice in the Institute. To be 
able to form an unprejudiced judgment of the Institute plan, follow 
me in yourthonght to a right point of view. Suppose yourself 
engaged in making a plan for a technical school having a depart- 
ment of mechanical engineering. First, we will suppose you have 
arranged the course of study. You can easily include what expe- 
rience has shown to be best. When this plan is carried out you 
will have provided forthe theoretical training. Now you believe 
that the engineer should have some mechanical practice; that he 


shall not be destitute of practical knowledge of machine-shop 
methods and mechanical skill. 

You have a few hours per week of the students’ time to devote 
to this practice. Let me suppose that there are two ways open to 


you, either of which you may choose, and that your choice is gov- 
erned wholly by the consideration of the best interests of the 
student. The first plan is to appropriate a room and purchase 
machines and tools, which the students may be tauglit to use dur- 
ing their practice time, in learning the elements and processes of 
machine-shop work. 

The second plan comes to your notice in this manner. It hap- 
pens, for example, that your school is located close to the shops of 
the Messrs. Sellers, and they say to you, We have done business a 
good many years, for the sake of business, for the advancement of 
the interests of manufacturing and engineering, for reputation, and 
for the various emoluments open to a successful career. Now we 
are willing to retain our foremen and best workmen, to teach your 
engineering students during their practice time, and we will see 
that they are instructed in all the work of our business from the 
rudiments upward as fast as they can Jearn, and will conduct the 
business, not for the sake of making money, but for the sake of 
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having a good place for your students to work, where they can 
learn in the most practical manner, and be best fitted to fill such 
positions as are waiting them in the practice of their profession. 
Now which plan will you choose? If you reject Messrs, Sellers’ 
offer, on what ground will you do it? Will you say, We should 
like to have our students familiar with the use of your tools and 
processes, we know they represent advanced attainments, but we 
do not like to have their work sold, and unless you will give up 
business, and only make pieces to be laid aside as samples or thrown 
away, Wwe fear your practice would not do for students, and that the 
sale of your perfected and useful machines, would in some way ren- 
der the practice unfit to be associated with a school. 

If you accept Messrs. Sellers’ proposition, you simply decide to 
send your students to their shops for practice, and this practice 
causes no more interference with the school work than would the 
time devoted to a well conducted gymnasium, or to any other de- 
partment of school training. Whatever your tinal decision, you 
would undoubtedly be led to consider the nature and value of the 
two kinds of practice offered, and [ think would see that practice 
in Messrs. Sellers’ shops, while it contained every valuable element 
that is found in any shop-practice, also included many valuable 
features which are supplied by the business element, and which 
would be lacking without it. 

In short, there is the same demand for a real business shop for 
instruction and practice for engineers as there is for a real human 
limb or a real hospital with actual patients, for a medical student, 
or a working laboratory for a chemist. The shop is needed to sup- 
plement the school work; to remedy defects which have been 
recognized in the school training. If it is a real shop bringing to 
the students real experience combined with good practical instrue- 
tion, it will accomplish its object. The farther it is removed trom 
this, the more will it be subject to the very influences which tend 
to perpetuate the defects which it ought to remedy. 

There is a certain reality, vitality and life in real work which, to 
a student who has once felt it, makes the work of fitting useless 
pieces seem trivial and uninstructive. 

The tendency of modern methods of teaching—especially in 
scientific studies, is toward the plan which the real business shop 
is able to carry out most fully: viz., combining the analysis and 
the theory with the practical illustration and application. This is a 
subject upon which the engineers of the country ought to have 
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definite opinions, and as schools are becoming indispensable for the 
training of engineers the demand should be strong that such train- 
ing be based upon right principles, and should include the best 
methods, While a school may not be able to secure a shop like 
Messrs. Sellers’, it can settle the question whether the shop shall 
Jirst, be a place where business is done, in order that there may be 
something practical for the students to learn, or whether it shall be 
a place fitted with tools where only their use and the processes of 
shop practice are taught, 

The Washburn machine shop is giving instruction in practice to 
101 students each week. The size of the shop and the amount of 
the funds for its maintenance, limit the number which can be ad- 
mitted to the Department of Mechanical Engineering. For sev- 
eral years the number has been kept within this limit by competi- 
tive examination for entrance. 

Practice in the departments of civil engineering and chemistry 
begins at the middle of Junior year. The nature and scope of the 
practice in these departments are shown by Diagrams No. 8 and 
No. 9. 

The graphical diagram shows the liberal allowance of time given 
to language, as well as to mathematics and drawing. The means 
relied upon for making the three years’ course most effective are, 
thoroughness of instruction in all departments; small divisions in 
recitation ; the undivided devotion of the student to his school 
duties; long terms, or school years ; and practical illustrations and 
applications of principles taught, by the solution of problems and 
by laboratory and shop work, 
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Diagram No, 2. 


Syntax, composition, study of En- 
glish und American authors, com- 
position and oral reports on topics 
suggested by the works read. 


Grammar. 


One or more of Shakespeare’s 
plays. Written themes relating to 
lthe play. 


Critical 
Reading. 
nglish. 


Occurring at intervals through 

Essays and Debates. {senior year. 

{ Constitution and government of 

Civil the United States, with some study 

Government. of the governments of England 
and France. 


Grammar, 


Comfort’s first book. 


Reading. ; German prose and drama. 


Written and oral both from Ger- 
Translation. jman to English and English to 
German. 


Algebra, 
( 


Demonstrations, 
Plane. - Original work in solu- 
tion of problems. 


Geometry. 


Solid Demonstrations. 


| Solution of problems, 
A 


Demonstration. trans- 

P) | tormations and applica- 
_— \ tion of the thirty-seven 

(most useful formule. 


Trigonometry. 


Spher- { Solution of spherical 
ical. (triangles. 


Thorough discussion of conic 
General Geometry. 


sections, constructions of curves, 
problems in foci, ete. 


( Differential: Whole of Bowser. 


Calculus, 
( Integral: Whole of Bowser. 
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Diagram No. 4. 


Applied 
Mathematics. 


) 


Theoretical 
Mechanics. 


Mechanics. 


Thermo- 
dynamics, 


f 


| statics, 


| 


Analyticel 


Dynamics 


ies, also with picblems. 


Strength 
and Stubili- 
ty of Mare-{ 
rials and 
structures, 


with 
merous problems, 


Including in 
general the 
contents of 
Bowser’s Ana- 
lytical Me- 
chanics. 


statics and hydro- 
solution of nn- 
{ 


and hydrodynam- 


Strength and Deflec- { 
tion of beams, stresses 
in trusses, strength 
of axles and pillars, 
bursting strength of { 
pipes, boiers and 
thick cylinders. 


Graphical 
Methods, 
(recip- 
rocal dia- 
gram,) 
method of 


Kinematics - 


J+ynamics. 


Steam, 


empirical 


Lectures on boiler | section. 


construction. 


Rolling curves, link work, gear- 
ing, length of belt=, motions and 
voleclay of reciprocating parts of 
steam engines, etc. 


Conservation and transforma- 
tion of energy. Work and efficien- 
cy of machines and motors. ‘lhe- 
ory of turbine and other water 
wheels and hydraulic motors, 
Tractive power of locomotive, 
effect and efficiency of brakes, en- 
ergy of tly-wheels, and reciprocat- 

| ing parts of engine. 


General laws. Equations of 
princi; al curves from theory. Cy- 
cles. Application to problems in 
work and efficiency of an engine. 

Propertics, expansion curves, 
formule, action and 
‘ work in steam engines 
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Diagram No. 5. 


Blackboard work, plane projec- 
Outline. ; tions, outlines and curves. 
Pencil drawings from geomet- 
rical curves and flat designs. 
Crayon drawings from models 
Shaded. -and casts: sketches of mudels 
finished in water colors, 


4 Sketches from real objects, 
Perspective. - mainly geometrical models or ma- 
(chines. 

‘ 


( Two bours per week for a part 
~of middle year, devoted to outdoor 
{sketching of landscape, ete. 


Sketching 
from nature. 


_—— _ Models and simple machines fin- 

ished in water-colois, with con- 
) struction of shadows, or finished 
| with shade lines or line shading. 


Projection. 


Principles of Isometric and ap- 

[ ietion to a simple drawing from 
model or working drawing.  In- 
struction in laving out and execut- 
ing a perspective drawing with 


| shadows, etc. 


Isometric and 
Perspective. 


Preparation of working draw- 
ings, working from specifications, 
de-igns of parts of machines, cal- 

} culations of speeds and stresses. 


ing aud 


Yesion. 
Derign | Gearing, lectures on steam engine 


{ construction. 


( A finished drawing accompany- 
Thesis sing each thesis and retained by 
Drawing. ithe Institute. 


{ 
| 
| 
Machine draw- 
| 
| 


Chemistry, 


4 Non- { Two lectures per week for first half 
| Metals. j/year. 
Inorganic, 
| ( Two lectures per week for second half 
junior year, 
\ Metals, } Laboratory work two hours per week, 
| second half of junior year. 


Laboratory work and lectures two 
Qualitative. hours per week for second half junior 
and first half of middle year, 


Analysis. 


Organic. 20 lectures first half senior year. 


Metallurgy 
lectures first half senior year. 


‘hw 


| 
Freehand. 
Drawing. 

| 
lent, | 

2 
| 
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Diagram No. 7. 


{ Acourse of recitations, lectures and experiments 
( with mathemetical demonstrations and problems. 
orn This course ends with the middle of the second year, 


A course of lectures following the course in general 
physics and extending through one year. 

This course includes the applications of physics in 
the use of steam, gas, fuel, and electricity, and steam, 
hot-air and gas engines, heating, ventilation, tele- 
graphy and the various recent developments of elec- 
trical science. 


Applied 


Physics. 
7} 


Practice (in small divisions) in the actual use of the 
testing machine in determining the tensile, crushing 
and crosx-breaking strength of wood and metals, 

Transmission and brake dynamometers, steam 


Laboratory; 
Fo indicator, dynamo-electric machines and vari- 


Work. 


Physics, | 
4 


ous apparatus for accurate measurements and for de- 
termination of efficiency of steam boilers, electric 
motors, etc. 


Diagram No. 8. 


Study of works on plane and topographical sur- 
| veying, have practice in field-work with compass, 
Juniors. + transit and level, in making triangular and topo- 
| graphical surveys, establish street and lot lines and 

{ make the plots of their surveys. 
~ Study works on railroad curves and earthwork, 
ak ee run preliminary lines for a railroad, locate and 
Practice in Middles. 4 cross section a railroad line, make maps and profiles 
Civil of the lines and estimate the cost of coustructing 

Engineering. } the located road. 


calculate the stresses for given loads upon roofs, 
highway bridges and railroad bridges, calculate 
the dimensions of the members and make plans for 
pile bridges, arches, abutments, piers and other 
(structures, 


| Study works on sterectomy and civil engineering, 


Seniors. 


( Lectures and recitations on the metals, methods of 
qualitative separation, laboratory practice, qualitative 
analysis. 


{ Juniors. 


( Chemical philosophy, 60 exercises, 180 hours. 
Middles. Lectures and recitations on qualitative methods. 


Sneci Laboratory practice, qualitative analysis. 
Special 


Work 


Abstracting articles from English, German and 
in Chemistry. 


| French chemical journals, 30 exercises, 90 hours. 
Organic chemistry, lectures and recitations, 60 ex- 
Seniors. ercises, 180 hours. 
Lectures and recitations on commercial analysis. 
Laboratory practice, special qualitative methods on 
adulterations. Thesis work. 


all 
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DISCUSSION. 


President Holloway.—The old, and ever recurring question is, 


What shall we do with our boys? and it is only equaled in the 
difficulty of its proper solution by the other question—How shall 
we proceed to make at least a portion of them mechanical engi- 
? This latter question is one which treats of their educa- 
tion in technical as well as practical knowledge, and in regard to 
the best mode of procedure, the ablest and best engineers have 
long disagreed. I do not imagine that Prof. Alden intended by 
his paper to do more than illustrate how they seek to combine 
teaching and training, or theory and practice, at the particular 
institute to which he refers, in preparing « young man to become 


neers 


a mechanical engineer if he can, or a machinist, if he cannot. 
Not being familiar with the course pursued at other and similar 
institutions, I cannot say whether the course prescribed in this 
paper is as good or better than others, but as we have representa- 
tives here from like institutions, it will no doubt appear trom the 
discussion which will follow, and I will ask Prof. Webb to state 
his views in regard to it. 

Prof. Webb.—I have no intention of giving my views as to the 
“ Best method of teaching Mechanical Engineering” at this meet- 
ing, but will state something of the history of the subject and the 
object of bringing it up for discussion here. During the three 
years or more that I was in Europe, some four years ago, I spent 
considerable time visiting various technical schools purposely to 
see how the courses of instruction are shaped and carried out, 
and since my return, in connection with the American Association 
for the Advancement of Science, | have taken pains to secure for 
this subject the discussion which it merits. It was inaugurated 
last year at the Philadelphia meeting, and much more interest 
was taken in it than had been anticipated ; although not reported, 
it got out enough to excite considerable favorable comment, and 
because the discussion was so interesting, we appointed a com- 
mittee, of which Prof. Alden is a member, to solicit papers and 
views for presentation at our meeting at Ann Arbor next August. 
The object in bringing it before this society was to induce a dis- 
cussion here, and inasmuch as many of you are also members ot 
the American Association we can, without any committee or other 
formal process, have this discussion represented there as giving 
the views of the mechanical engineers of the country. 


we.” 


a 
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In talking with a number of practical men on this subject I . 
have found that the general opinion is by no means one of entire 
confidence in machine-shop practice for the development of a 
mechanical engineer. 

At the Worcester Institute they believe in the necessity of © 
actual business in the shop; that, in order to make shop practice 
worth anything, a student must go into a shop which is engaged in 
making things for the market. The opposite to this is the Rus-— 
sian system, where, instead of taking a standard fixed by the | 
market, we adapt both the design and quality of the things made | 
to our purposes of instruction. Upon this point there is some 
difference of opinion, and upon it turns the whole organization — 
of some of the mechanical schools of the present day. The 
Stevens Institute works one way ; they make their course in the — 
shop to subserve the instruction they wish to give; at the Wor- 
cester school they do it the other way. I would like to call atten- 
tion to the division of this subject which I proposed at the Phila- 
delphia meeting of the American Association and which was_ 
simultaneously made at the Social Science Association by General ' 
Walker. There are really three kinds of schools. First we have > 


the School of Mechanical Engineering, where the object is to pro- 
duce the engineer who must know all of the higher parts of the 
business. Next we have the School for Supe rintendents, who must 4 
be able to direct and control the workman and must know inti- 
mately all the processes; he does not need to know the higher 
parts for which he can depend upon the engineer. Then we have 
a third kind of schoo! which is for younger students who have not 
yet chosen their business or profession, and the majority of whom 
will never engage in mechanical pursuits,—in fact, for all boys 
_ who are in public schools. That is called the Manual Training 
School, and it can easily be combined with or made a part of 
the regular public school. We all know that the French people 
are the clearestgut in their language and ideas of any, and 
therefore two French schools have been chosen as examples. 
The Ecole Centrale, founded in 1829, of which the celebrated M. — 
Tresea, honorary member of this Society, is a professor, is em-_ 
phatically a school for engineers. It is the hardest working 
school that I know of; the students are required to be there at S 
half-past eight in the morning, and if they are not, they cannot. b 
get in without a written application, and they stay there until 
_ four in the afternoon witb half an hour for lunch, besides which 
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the amount of study necessary at home leaves no time for the dis- 
tractions so common in American schools. The Ecole d’Arts et 
Métiers at Chalons sur Marne (there are similar schools at Aix and 
Angérs) is for the instruction of superintendents. In the Ecole 
Centrale there is no shop practice, but here seven hours per day 
is devoted to it, and instruction in mathematics, in drawing and 
in language is given as an accompaniment, which necessitates some 
evening recitations. Young men come out of these schools either 
as blacksmiths, moulders, pattern-makers or machinists,—mostly 


the latter—and are qualified for positions in the draughting-room * 


or as foremen. Some schools, where they make things for the mar- 
ket, consider that the money derived from their sale is a great ar- 
gument in favor of that system; now this school at Chalons gets 
400,000 franes from the government every year, and sells what it 
makes, but the selling is entirely incidental. ‘They sell the things 
they make to get rid of them, and without falling into the error of 
supposing that student labor can be made to pay, and they get 
but 25,000 franes back from what they sell. The difference be- 
tween these two schools will be better appreciated when it is 
added that the graduate of the school at Chalons is not prepared 
to enter the Ecole Centrale. 

Now, here we have in France examples of the first two kinds of 
schools, and this country probably furnishes the best examples of 
the third, the manual training school—there being a very promi- 
nent and successful one at St. Louis in connection with Washing- 
ton University. The object of these schools is to cultivate the hand 
and eye, teach the use of tools, give healthy and interesting exercise, 
and show the student the applications of the principles laid down 
in his books ;—it is a revulsion from the excessive confinement and 
study of text-books that we have had in our public schools. But 
we want to consider here the first two kinds of schools, and the 
broad distinction between them should be kept in mind, the School 
of M. chanical Engineering and the School For Supe rin tendents. 

There is one other point of distinction which I wish to empha- 
size, namely, between mechanical laboratory practice and shop 
practice. Ina school of mechanical engineering, if we admit that 
the student must know something about the manual exercises in 


the shop, and even that he should acquire some manual dexterity, 
that is merely shop practice, but, besides that, he must have me- 
chanical laboratory practice,—he must learn, for instance, how to 
test a steam boiler. These are essentially different things; one 


» 


| 
| 


528 TECHNICAL TRAINING AT THE WORCESTER FREE INSTITUTE. 


carried to the extreme will give you the machinist, the other is 
absolutely necessary for the mechanical engineer. This distine- 
tion should be kept in mind in considering all courses of instruc- 
tion that may come under your notice. 

With these words, as an introduction, I leave to you the dis- 
cussion of the “ Best method of teaching Mechanical Engineer- 
ing; what we want is to get the opinion of the practical engi- 
neers of the country, and I do not fear but that it will be on the 
right side. 

Prof. Thurston—To give point and clearness to the discussion 
on this interesting and valuable paper, I would suggest that what 
we would specially like to know would be the answers from the 
different members to the following questions : 

1. What constitutes a correct system of education for the Me- 
chanical Engineer ? 

2. Comparing the system of “ Construction” practiced at Wor- 
cester with the so-called Russian system or “ Instruction” system 
in use elsewhere, which is the best as a course of manual training 
for the engineer ? 

3. What constitutes a correct course of instruction for the 
“ Manual Training School,” pure and simple, as distinguished from 
the School of Engineering ? 

4. Which of the two courses above referred to is best for the 
latter school of instruction ? 

5. What constitutes the difference between the “ Mechanical 
Engineer” and the “ Mechanic‘” What between tlie so-called 
engineer and the shop-man ? 

6. To what extent is it advisable to carry on the two courses of 
instruction of the school of mechanical engineering, and of the 
manual training school, in the same institution, and in the same 
shops ? 

7. Sketch out a course of instruction that would seem to be 
practicable for each case, indicating number of hours, per week 
and per annum, and total length of course considered practicable 
and advisable, explaining at length and in detail. 

Mr. Kent.—Prof. Webb says he had no doubt that the verdict 
of the mechanical engineers on this subject will be the right one. 
I have no doubt that that verdict will be both right and wrong. 
The whole subject of the education of mechanical engineers is 
comparatively a new one. It has not yet got down to a founda- 
tion upon which to build exact opinions. 
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~ [think that the radical and fundamental criticism to which the 
paper is liable, is that the author makes a mistake of calling the 
Worcester school a school of mechanical engineering at all. He 
speaks in the paper of the training of mechanical engineers, and 
says that the course of mechanical engineering extends over 
three and a half years. Looking at the diagram on page 10 you 
find a graphic illustration. There are 2,376 hours out of about 
9.000 devoted to shop practice. Mineralogy, metallurgy and 
geology are at the top of the diagram—they are useful things 
for mechanical engineers to know, but they are not a necessary 
part of mechanical engineering. Physics is only what a man 
ought to know before he is ready to study mechanical engineer- 
ing. Chemistry—there is none of it necessarily in mechanical 
engineering, although it is well for a mechanical engineer to know 
something of it. Applied mathematics—probably about half of 
that is mechanical engineering. Drawing—not over half of that 
is really mechanical engineering, as free-hand drawing is included 


in the course. Pure mathematics is not mechanical engineering, 


but what is necessary before a man can begin to study mechani- 
cal engineering. It isa preparatory study. Language is certain- 
ly not mechanical engineering, although it would be well for me- 
chanical engineers to understand the English language so that 
they could write an intelligible report. And finally, the shop 
practice given at Worcester is not mechanical engineering. So 
there are only about 1,000 hours out of 8,000 hours that are given 
to mechanical engineering. 

The time given to practice is 2,876 hours, or the equivalent of 8 
hours a day for 300 days, or one year. In that time, the paper 
says, the students learn a trade. This is a very important matter. 
Prof. Alden says, and I do not dispute it, that “ estimated from 
most practical standpoints, that of his value to his employer, he 
is equal in skill to the young man who has served an apprentice- 
ship of three years, and this without counting his other attain- 
ments. He can put aside all pretensions to education, and taking 
his place in a machine shop, earn fair wages, say from one dollar 
to two dollars per day.” If that is a fact it is a first-rate reason 
for the existence of the Worcester school. If it is possible to 
take a boy of fifteen and give him one year’s apprenticeship and 
turn him out a machinist, then the Worcester school is a grand 
school. If the Worcester school can do that, educating mechanics 
and workmen who can make their two dollars a day, then it is a 
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very important fact and worthy of our attention. But this is not 
mechanical engineering. 

* What constitutes a correct system of education for the me- 
chanical engineer?” asks Prof. Thurston. If a man is going to 
follow the profession of mechanical engineering in after life, he 
will necessarily have to acquire after he graduates certain things 
which he cannot acquire in the schools. He will have to know 
something about blacksmithing, something about moulding, about 
how to make his mixtures of iron to get a certain result, how to 
put work through the shop with the least expense. These are 
questions of practice, and you may say that after putting a man 
through the best school it will take him ten years longer to get 
such experience as will enable him to pass before the world as a 
creditable mechanical engineer. But the correct system of edu- 
cation for a mechanical engineer refers, 1 understand, to the edu- 
cation in the college, and I submit that the education he should 
get there is not an education of practice, of how to do a thing 
well, how to turn a shaft round, how to put a piece on the planer, 
and all that sort of thing, but the fundamental principles on which 
mechanical engineering as a science is based. First and foremost 
is a knowledge of mathematics up to the caleulus and through the 


calculus, a knowledge of the principles of physics so far as they 
relate to mechanical engineering, a knowledge so thorough that 
it would make it impossible for a man to conceive of such a thing 
as perpetual motion. That cannot be learned in the machine 
shop. 


Let him study in the college the theoretical principles which he 
cannot obtain in the machine shop, and not use the valuable time 
required for this purpose in attempting to get in the college that 
practice which he can best acquire in the shop after he graduates. 

It was said during the discussion of this subject at the Phila- 
delphia meeting of the American Association for Advancement of 
Science, that Chauncey Rose left a large sum of money to found 
an engineering school in Indiana, the condition of which was 
that the salability of the article produced by the student should 
be the test of his standing; that the student should make an 
article for sale in the Institute and should get his mark aceord- 
ingly ; and I made the statement then that Chauncey Rose might 
have made a better disposition of his money. There is no greater 
fallacy introduced into this subject than that of attempting to 
make a business institution out of a school. The system of the 
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Wasbburn school for the purpose of training workmen I think is 
much worse than the Russian system with all its defects. You 
might as well in teaching literature gauge the marks a student 
should get by the salability of a magazine article which he might 
produce, as to expect him to turn out a piece of work equal to 
the products of modern machine methods. 

Most boys go to college because their fathers send them. They 
go at too young an age to know what they go for, and perhaps 
one-half or one-quarter of them make a mistake in going to the 
particular college they do go to, I know at the Stevens Institute 
that many of the boys taken in there at sixteen years of age, do 
not know whether they have any taste for engineering, and I know 
that after graduating some of them proved a failure as mechani- 
cal engineers and went into other professions. 

Being recently called upon to give an opinion as to the course 
of instruction to be pursued in a technical school attached to a 
university, in which school good facilities existed for courses in 
both mechanical engineering and machine shop practice, I reeom- 
mended the following : , 

“ A division of the course into two parts at the end of the sopho- 
more year; all the students to have the same course of instrue- 
tion in the freshman and sophomore years, without any optional 
studies; and this course should be little, if any, different from 
that pursued in the departments of Civil Engineering and Archi- 
tecture. At the end of the sophomore year the student’s record 
during the two years, his examination at the end of the second 
year, and his own tastes, would indicate whether he was then 
fitted to pursue a course in the higher branches of mechanic: 
engineering, such as theoretical study of the steam engine and q 
other prime movers, the designing of machines and other engi-— 
neering constructions, and the management of manufacturing 7 
establishments, or to take a thorough course in machine shop | 
training, which would include extensive practice in the draught- | 
ing room, the pattern shop, the foundry, the blacksmith shop, 
and the machine shop, with the view to making him a good me- — 
chanic, and to prepare him to become after a few years’ experi- 
ence in the outside world a foreman or manager of a machine 
shop or manufactory of specialties in wood and iron. 

“T recommend this division of the course at the beginning of — 
the Junior year, first, because few students will be found who 
have natural ability of such a character as to enable them to 
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become both expert mechanics and good mechanical engineers, 
and, second, because, if such men could be found, the four years’ 
college course is too short to allow of their receiving sufficient 
instruction in both branches. If it is attempted to give the me- 
chanical engineering students much training in the shop, they 
will not be able to devote sufficient time to those branches of 
study which require the application of mathematics and an ex- 
tensive knowledge of the principles of machine design. If, on 
the other hand, the machine shop students have too much of 
their time taken up with theoretical studies, they will not have 
enough time in the shop to obtain a proper shop training. 

“There will be no disadvantage to the student in after life, 
provided he has made the proper selection between the two 
courses, in preventing him from attempting to become both an 
expert mechanic and a professional engineer at the same time, 
because in after life he would be compelled to select for his daily 
avocation a special branch of engineering, and could not become 
expert in all branches. There is probably no better time in life 
for him to select the trade or profession which he intends to 
follow than at the beginning of his Junior year.” 

The following was proposed as a provisional scheme of instrue- 
tion, subject to revision. ath oT @ 


Freshman and Sophomore Years. All Students. 


MartuHematics.—Finish differential caleulus by the end of the 
sophomore year. 

FRENCH AND GERMAN.—With special reference to technical trans- 
lation. 

Free-HanD Drawinc.—Only so far as to give facility in sketch- 
ing, and a knowledge of the principles of art so far as they may 
be applied to engineering constructions. 

MecuanicaL Drawinc.—Including the use of instruments, pro- 
jections, shades and shadows, perspective and isometric drawing, 
line shading, tracing and blue print work, and drawing from 
copy. 

CHEMISTRY AND Puysics.—Lectures and text-book work. 

Sop Work.—Elementary instruction in carpentry and pattern 
making, the uses of machine tools, bench work, foundry work, 
blacksmithing, pipe fitting, ete. The course up to end of the 
sophomore yeur being strictly one of instruction, after the Rus- 
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sian system, or a modification of it, in which the learning of how 
to do work is the object in view, and not the making of any prod- 
uct for sale. 
MecuanicaL Enatneertnc.—Lectures and instruction in the | 
materials of engineering and machine-shop practice. 


Junior and Senior Years. 


a. Course in Mechanical Engineering. 


calculus, and application of same to 
mechanics. 

MEcHANICS OF ENGINEERING.—A thorough course in Weisbach 
or equivalent text-book. 

Kinematics.—Reuleaux, or equivalent text-book. 

Prysics.—Laboratory practice, with special reference to the 
mechanics of fluids, heat and electricity. 

Cuemistry. —Laboratory work in inorganic, with reference es- 
pecially to metals and their ores. 

with blow-pipe analysis. 

GroLocy.—Elements of economic, with reference to fuels, ores — 
of metals, fire clays, ete. 

Lrraorocy.—Elements of practical, 

_ (These last four subjects may be optional in the senior year for 
students who wish to study mechanical engineering as applied to | 
metallurgy. Physical laboratory practice in electricity, and kine- 
matics, may be omitted by such students.) 

MecuanicaL Drawinc.—Difticult problems in drawing, design- 
ing of machinery and plants, and original problems. In this 
course the aim should be not to make expert handlers of instru- 
ments, but men capable of doing original and varied work on the 
drawing board, and of laying out work for execution by other 
draughtsmen. 

Spor Work.—Carrying into practice in the shop the construc- 
tions studied in the drawing-room, and studies of the work being 
done by the students of the machine-shop course, the idea being 
not to make the students expert with their own hands but to in- 
struct their heads, so that they will know the difference between 
good and bad work done by others. 

MecuanicaL ENGINEERING.—A course of instruction under the 
head of the department in the general subjects of engineering 
design, the theory of prime movers, the mechanical theory of 
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heat, steam boilers and engines, work in the mechanical laboratory 
in tests of materials and other experiments, and lectures on 
metallurgical plants and methods. 

much as relates to building materials, 
foundation and the theory of strains in bridges and roofs. 

MARINE ENGINEERING.—Lectures or other instruction in naval 
architecture and engineering, and marine practice. 
Of 
b. Course in Machine Shop Practice. 


MeEcuanicaL DrawinG.—Such a course of instruction as should 
make the student expert in carrying out ideas originated by others, 
including so much knowledge of the strength of materials as is 
necessa:y to correct designing—also to make him a fine work- 
man with draughting tools. 

SHor Work.—A thorough apprenticeship in the machine shop 
with not less than five hours’ work per day for six days in a week, the 
shop to be carried on according to the best outside machine-shop 
methods, with the exception that the end in view must not be the 
obtaining of the maximum profit from the work of the shop, but 
the maximum of instruction given to the apprentices. The work 
should be of as varied a character as possible. 

MEeEcHanicaL ENGINEERING.—Attendance upon such lectures by 
the head of the department as may relate to machine-shop prac- 
tice without involving the application of the higher mathematics. 

“Throughout the whole four years’ course, both in mechanical 
engineering and in work-shop practice, all students should be re- 
quired periodically to write essays or reports on subjects con- 
nected with their work, which are to be criticised by the head of 
the department as to both matter and manner.” 

Mr. Couch.—The second and fifth of the queries proposed by 
Prof. Thurston seem to admit of being considered to some extent 
in connection with each other. 

Referring to the fifth, the difference between the mechanical 
engineer and the mechanic is very briefly, and perhaps pretty 
fairly, indicated by the statement that it is the province of the 
former to design and of the latter to construct. 

Intelligent design requires a knowledge of the processes of con- 
struction. The shop practice, through which the engineer pupil 
acquires such knowledge, confers also upon him a certain amount 
of manual skill, which is, however, incidental and of secondary 
importance. The engineer pupil, for instance, who labors to pro- 
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duce true planes and accurate angles with the chisel and file, is 
gaining little if anything except manual skill, and is wasting his 
time. 

The mechanic pupil, on the contrary, may profitably devote 
time to any work which will increase his personal ability to 
execute. 

Intelligent Anow/ledge of the processes suffices for the engineer ; 
ability to perform them skillfully is required by the mechanie. 

It appears to me, therefore, that of the two systems of training 
(second query), that of “construction” is better adapted to the 
wants of the former class of pupils, while that of “ instruction ” 
may perhaps possess some advantages for the latter. 

Mr. Sweet.—There is this that ought to be considered in regard 
to the Worcester school. It was one of the first started in the 
country, and it still exists. For the last five or six years I have 
been called upon by young men to know where I would recom- 


mend them to go. I recommend them almost universally, if they 


have already been through a machine shop, to go to the Stevens 
Institute ; if they have not, to go to the Worcester Institute. 

I believe that instruction of the class given at Worcester will 
produce students, a large proportion of whom will make valuable 
men, while the instruction such as followed at Stevens will pro- 
duce a few brilliant ones. 

It is probably true that the instruction at Worcester is not 
such as is necessary to produce mechanical engineers, and the 
question may well be asked, Is it advisable that it should be? 
Has the experience of the profession been such as to justify the 
belief that there is a demand in this country for men to practice 
mechanical engineering as architects practice architecture, or 
any demand for a college to educate them ? 

If it takes the natural gift and ten or fifteen years to make a 
mechanical engineer, the man who has not the natural gift, who 
spends four years in purely theoretical training, wastes his time, 
while spent at such a school as Worcester he has his hands to 
fall back on. 

Mr. Partridge-—When a man enters a shop with the intention of 
producing something, the first question which he naturally proposes 
to himself is, What are you going to make? The first question which 
we should ask in discussing the subject is, What are we going to 
make? When that has been settled, we may with propriety con- 
sider the best process for making it. By the nature of the ques- 
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tion proposed it is taken for granted that we wish to turn out 
mechanical engineers, but would it not be proper to broaden the 
subject a little? There are numbers of people in the world who 
have a mechanical turn of mind, intended by nature for big men, 
from whom it is not best to make mechanical engineers, yet there 
are some of these very men who having their head full of mathe- 
matics are willing, and even wish, to be mechanical engineers. 
That brings us to a definition of what can be made out of our 
boys. Prof. Thurston calls attention to the mechanical engineer 
and the mechanic. I would cross out that word mechanic, because 
there is no question in any one’s mind in regard to the best method 
of making one. The task seems to be easy. The Worcester 
school can turn one out in eighteen months, if the man furnished is 
the right kind of timber. But, as a rule, we are not interested 
just now in the production of this class. The question of what 
we want to make is very much influenced by that other question 
of what the boy is good for. This can be decided in very much 
less time than two years. We can do asa railroad superintendent 
of my acquaintance does. When he gets a boy who promises well 
and he thinks he will put him through the railroad mill, he sends 
him down to New York to a professor in whose skill long experi- 
ence has given him confidence. A report is sent back by mail. 
The young man knows nothing about it beyond the fact that he 
carried a letter to a certain address on Broadway, that an exami- 
nation was made and he came away. an - 

Mr. Kent.—Is he a phrenologist ? 

Mr. Partridge——Yes, he is a phrenologist; and while you may 
laugh at the popular notion that the bumps on your head or the 
mosquito bites on your scalp indicate the quantity of brains in 
your skull, it is no longer a question of belief as to whether a 
man’s mental capacity and capabilities for different kinds of work 
can be ascertained by a physical examination. While you or I 
may not be able to do it, it can and is regularly done by those 
who are skillful in that line. One well versed in the science 
would go through this assembly and tell as accurately as could a 
composite photograph the character of every man and the kind of 
work for which he is best fitted. But then,if your faith is not 
quite up to that, try the young man for two years at school, and 
find out in that time just what you might have learned in two 
hours had you chosen todo so. The mechanical engineer is a 
professional whose work is pretty well defined. The mechanic is 
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not a professional man, and hence his education need not be dis- 
cussed at present; but there is another professional whose field 
has not been clearly outlined, but who belongs to the same great 
class as the mechanical engineer. In a vague way they are trying 
to make this man at the Worcester school and in the Russian 
school. The work is going on much in the way that Lincoln’s 
blacksmith handled the steel. We think we will make an axe. If 
the material is not as good as we had hoped, we will try and make a 
clevis, and finally, if that fails, we as a last resort take a good heat 
on him, put him in the water and make a “ fizz.” We started to make 
an engineer, and end by putting him into the shop to be chief en- 
gineer of a drill press or bolt cutter. With good material, however, 
there is a profession which may be reached through the manual 
training school. There is required in it both skill of brain and of 
hand. The finger skill must be as great as that of the mechanic, 
while the mental training should be quite as careful as that of the 
engineer. Men of this class need a broad, liberal training, both 
mathematical and physical. I may mention as examples of this type 
such men as Alvan Clark and his sons, Ross and Dallmeyer of 
England, and Morrison of this country. They all happen to be 
optical instrument makers, but they are the best illustrations of the 
type of men of whom I speak. The profession, never having been 
named or defined, may best be described as one which calls for 
mental and physical aptitude for mechanical work combined with 
high mathematical and scientific knowledge. Men of this kind 
are scattered all over the country, and occasionally one gets an 
education which enables him to carry his manual dexterity to the 
highest attainable point. 

The mechanical engineer needs an education of an entirely dif- 
ferent character. He does not require the skill of hand, yet he 
should know quite as well as the man just mentioned how metal 
is planed and shafts made round and straight. 

He must understand the practice, even though he could not put 
on the overalls, center the shaft, put it in the lathe and turn it up. 
In other words, he requires a theoretical acquaintance with the 
details of practice. 

How the two classes of men are to be treated was well illustrated 
by two young men who came into the hands of this same railroad 
superintendent. Both were sent to the New York professor, who 
reported that one was born to handle men and could never be 


taught to do a good job—would always be a botch workman, and 
35 
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that the other was a born mechanic, capable of doing any work 
calling for skill. Now what happened? They went back to their 
city, and both were put into the machine shop to learn the trade. 
The first, or botch, as he was called, was put through the whole 
course in from twelve to fourteen months. The superintendent 
said he had learned enough of the trade to handle men and know 
a good piece of work when he saw it. In eighteen months he was 
put in charge of a gang of men. The other man was given three 
years in the shop, and when he learns the trade his promotion will 
not place him over a gang of men. In other words, the superin- 
tendent gave his born foreman, who had a little mechanical incli- 
nation, just knowledge enough of the tools, shop slang and methods 
of work to enable him to take charge of men and work. 

In one sense this man resembled the mechanical engineer who 
was called upon to prepare and oversee and plan, not actually to 
execute. The training of this class of men properly falls into 
such a school as my friend Kent has spoken of. The training 
which the other man ought to have had, supposing that both 
are of equal ability, has not yet been outlined. Worcester does 
not give all that is needed, since it lacks in breadth. Here is 
our friend Emery who has spent years in acquiring his education, 
which is of a very special and technical character. Such men as 
Alvan Clark of Cambridge, Brashear of Pittsburgh, or the late 
Mr. Sexton, are forced to get a special education for themselves. 
When we consider the requirements of an education of this char- 


acter, combining, as it does, the highest mental training with 
great manual skill, the disagreement, the “ pulling and hauling” 
and misunderstanding between the practical and mechanical 
engineering courses disappears. We see that there are two dis- 
tinct lines, needing very different courses of instruction and drill. 
As I understand the question, we are not called upon to discuss 
the best method of educating a man who ultimately turns out to 
be a machinist at $3 per day. They can be best educated in 


apprentices’ schools. ‘This class of men are too small or too poor 


to take the higher courses of which we are speaking. Measure 
them up and you will find them limited in their horse-power 
by a lack of grate area, calorimeter or cylinder capacity. The 
higher training is physically beyond their reach. In educating 
them the stimulus of producing work for the market with the 
least labor, best quality in the least time, is very necessary and 
beneficial. 
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~ In the edueation of the mechanical engineer and what we may 
perhaps, for want of a better term, call the engineer mechanic, 
that is, the men who are scientifically or headwise mechanics, and 
those who are scientific-tingerwise mechanics, we do not require 
this stimulus. They are spurred to rapid work by the necessity 
of filling contracts. 

There has been a long and extensive trial in this country with 
manual labor training-schools, with which few persons are now 
familiar. The last of the manual labor departments were given 
up thirty years or more ago. They originated nearly a hundred 
years ago, and for fifty or sixty years did an immensely valuable 
service. In these schools the young men who were educating 
themselves had an opportunity to learn various trades and to pro- 
duce work for the market. While this country was manufacturing 
but little, and the prices of all manufactured articles were high, 
these schools supported themselves, and thousands of men in the 
last generation got their education by means of the work which 
they were able to do in the school workshops, the student being 
paid for work performed at market rates. But it was found that 
as soon as manufacturing grew and became a great factor in the 
progress of the country, the schools were no longer successful. 
The students were between two fires. The desire to make money 
was constantly tempting them to neglect study and become good 
mechanics. On the other hand, the love of study influenced them 
to slight their work as much as possible. In the schools the ordi- 
nary English and classical studies were taught, and the students 
were prepared for colleges. The regular courses were not far 
different from the old classical college course. The competition 
of machinery and the difficulty of making a fair division between 
work and study, finally extinguished the manual labor features. 

Wm. RR. Jones.—It is very easy to see from the tendency of the 
arguments of two of the speakers who have preceded me, that 
they are not practical mechanics. My idea of a mechanical engi- 
neer is one who can not only design a job, but one who can do it 
himself in first-class style—a man who can create a machine. The 
power to do that is one cause why our people have made our 
civilization so far superior to that of ancient Rome. The term 
mechanical engineer, I think, should be dropped. Often when I 
hear the term mechanical engineer, I ask, is he a mechanic ? 
We can realize that this capacity to create is the highest attribute 
that God can give to man. If I were to start out to make 
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a first-class mechanical engineer, I should want to know the 
habits, the thoughts, the ideas of the boy. If he had an intense 
mathematical mind, | would advise him to study astronomy and 


leave mechanics alone. If he has average brain power, with some 


ingenuity, logical reasoning and application, then I say you may 
be a mechanical engineer. The idea advanced by Professor Alden 
I fully approve of. There are hundreds of young men in machine 
shops that receive no training whatever, and who often make good 
mechanics—a very scarce article by the way. You take that class 
of young men and send them to school under competent men who 
explain every idea, and if they are not competent to make mechan- 
ical engineers, they are at least able to make good mechanics, I 
should say that that school was a good kindergarten school for 
mechanics. Ninety-nine per cent. of the foremen of machine 
shops make no effort to train the young men. Then after all you 
must take another view of the question. A gentleman who is a 
member of the commission appointed by Parliament to come over 
to the United States and investigate the reason why American 
mechanics were so much smarter than any on the other side—Mr. 
Mather—had a long conversation with me on the subject, and I 
said, “ Will you now please give us your idea of the subject?” He 
said, “It is your great common school system that is the founda- 
tion of it.” Professor Muir, of Cambridge, who was here last 
year, in speaking of the question of education, said, ‘‘ You have 
no university in this country?” IT said, “I beg your pardon; we 
have multitudes of them; there is one, the Edgar Thomson Steel 
Works, and they are all over the country.” All the so-called 
universities are merely preparatory schools. Until a man goes 
into practical life and develops his talents, he is merely a scholar. 
You cannot get a mechanic in three years. I give ten years for a 
man to become a thorough mechanic. But you can give him that 
preliminary training which is all that any institution of learning 
in the country can give for any profession, law, medicine, or any- 
thing else. 

Mr. Oberlin Smith—I agree with Mr. Kent in regard to the 
wisdom of his plan of going on for a year or two and then sep- 
arating students into two classes, getting a “ survival of the fittest” 
members in each of the two. But I disagree with what he says 
about it not being necessary for a mechanical engineer to know 
the How. I think he should know first the Whether, then the Why, 
and the When and part of the How, leaving it for the mere mechanic 
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to know the rest of the How and part of the Why. It will not 
do for numbers of men 
under him, and who may have to contrive new processes which 
must be commercially cheap, not to know the theory of his work 
and a good deal of the practice also. For instance, a student in 
mechanical engineering may learn in three minutes, ¢7/ he has it 
properly explained to him, why a file when moved back and forth 
travels in a curved path at its ends instead of a straight line, 
while a boy put to filing without any theoretical instruction may 
be six months or 


a mechanical engineer who may have 


a year in learning to run his file straight, and 
perhaps never knows in all his life why it does not want to run 
straight of itself. Gradually he learns how to regulate the relative 
motion and pressure of his left hand and his right hand so that the 
two movements of force are always equal, and then the file does move 
straight. I believe that a mechanical engineer must of necessity 
have shop practice of some kind, and the smarter he is, the 
quicker, of course, he will learn the theory and part of the manual 
skill necessary in all these practical operations. But as far as 
the additional skill, which is purely physical, lies, he ought not to 
waste his time in learning it. He ought perhaps never to work 
long enough at filing to learn to file absolutely straight. So with 
various other operations ; he should not waste enough time on them 
to become perfect—such perfection requiring an automatic train- 
ing of the muscles like that seen in the pianist who plays a difficult 
piece from memory while thinking of something else. He should 
simply know enough of the theory of these operations to guide the 
other men and to watchthem. I agree with Captain Jones about 
its taking more than ten years for a man to become a machinist, 
and [ think ninety-nine would be a nearer 
I do 
boy in twenty now entering our machine shops who ever becomes 
a good machinist, and he will usually take four or five years to 
become a skillful journeyman workman. 

Win. LP. Jones.—When I came into the room I recognized my old 
friend, Homer Hamilton, Superintendent of the Youngstown 
He had that son in 
his machine shop some three or four years trying to make a good 
mechanic of him. He pleaded and argued and entreated, and his 
but they finally became intensely disgusted, and 
the father said, “I wish you would get out of here—go away.” 
The boy went off to New York and secured a position on the 


general average so far 


as my observation goes. not think there is more than one 


Foundry, and he introduced me to his son. 


mother prayed ; 


° 


542 TECHNICAL TRAINING AT THE WORCESTER FREE INSTITUTE. 


press there, and to-day is a leading cariecaturist on the Judge 
paper. I mention that as an illustration of the argument. 

Mr. Stratton.—It strikes me that Mr. Partridge has struck the 
key-note of this whole business. In former times it was the com- 
mon custom in cementing steel to take it after the process was 
completed and break it, in order to find out what portion of it was fit 
for springs, what for shears, and what for tools. As mechanics or 
engineers we certainly would not dream of taking that steel and 
making it into watch springs without knowing whether it was sus- 
ceptible of the temper of watch springs, and so it is with our 
sons—if they have not the capacity, it is utterly useless to attempt 
to make machinists, much less mechanical engineers of them. If 
they have a capacity for science they will become scientists with 
greater ease than they will mechanical engineers. It strikes me 
that the prime factor in the whole business is knowing whether 
the boy has the capacity to become a mechanic or an engineer, 
and if phrenology can tell us, phrenology should be consulted on 
so important a subject as the selection of a profession in life. It 
is told of a noted capitalist on the Pacific coast that some years 
ago he sent one of his children to a well-known professor of music 
to be taught the art of playing the piano, and very shortly after 
he asked of the professor how his son was getting on with his 
music. The professor replied, “ Not very well; he was sorry to 
say the child had no capacity.” “ What,” said the capitalist, 
“has no capacity! why I will buy him one.” It is a good deal 
the same with many of us who send our children to institutions 
of learning in the hope that application on their part will soon fit 
them for a pursuit for which they really have no capacity. We 
think we have the capital to send them through any course we 
may select, and the consequence is they fail. We see this especially 
demonstrated in the United States Naval Academy and at West 
Point. You will find that the boys who go through there most 
successfully are those that come from the public school with 
proved capacity, they generally passing a competitive examination 
before receiving the designation. Yet the gentleman who tries to 
force his son in and through either of these institutions almost 
invariably finds out that his son is a failure from lack of capacity. 
The same is the case in our iron works as well as in most of the 
institutions wherever we attempt to make a mechanical engineer 
or a scientific man of him who has not the capacity for this 
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Mr. Dodge.—I am not a very old man, but T have had occasion 
to contemplate a great many men who were older than I was as 
mechanics, and it always has oceurred to me that the capacity to 
decide on the factor of safety is really the important point in a 
mechanical engineer ; the man who can make the most judicious 
selection of the factor of safety in all his operations is the best 
mechanieal engineer. I believe that the matter of judgment or 
mechanical “ horse sense” is the foundation which is the hardest 
thing to get at, but I believe that in the main the boys will de- 
velop that themselves, and, as a rule, will struggle into it. There 
may be fifty boys who may come into the ranks, and though they 
are not able to ealeulate what they want to do, they can verify 
their judgment. Of all the men that 1 know who are successful 
mechanics I would rather have their judgment than their figures. 
That matter of judgment cannot be put in by education and ean- 
not be taken out by anything. 

Mr, Albert Emery. think the last is a very pertinent remark. 
If a man has not got the common sense or the logic to see and to 
judge, he may make an engineer of the kind Mr. Kent has men- 
tioned, who can go through all these formulas and give you beau- 
tiful theories of bridges and matters of that sort; but he will 
wreck any establishment that employs him if they keep him long 
enough. The man who would be a successful engineer must be a 
man who has common sense, and if a man under him presents to 
him the results of a theoretical computation which he has directed 
him to make, he must see at a glance in many cases whether they 
are substantially correct or not. If he says to a man give me the 
weight of that scale, and the man replies that weighs a hundred 
and forty pounds, he must be able to say, “TI don’t want any such 
figures; I know better; [know the scale only weighs fifteen or twenty 
pounds,” and the draughtsman looks all over and says, “There 
is a mistake of a decimal point carried this way.” The draughts- 
man has gone through the calculation and has moved the decimal 
point the wrong way. Now there comes in the rule of thumb; 
the draughtsman has made the computation and says it is so and 
so; but the other’s common sense tells himthat it is not any such 
strength or weight as the figures show. If this man is to be an 
engineer he must have mechanical ability, or he is not an engineer 
that I would care toemploy. He should be so much of a mechanic 
that when he designs a piece of work, he knows whether the shop 
‘an make it, and when he designs a piece of work he knows after 
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it has been made whether it can be put together and taken apart. 
I have seen pieces of work designed that could not be put 
together after they were made, and pieces that when they 
were put together were very difficult to take apart. Now 
the mechanical engineer may be able in theory to make his 
formulas, and to show the relations of all these parts and the 
strains upon them. If he does not understand how to make those 
things in the shop, he may design a piece of work that is so ex- 
pensive that no man would pay for it twice. That mechanical 
engineer who will be the most successful engineer must be the one 
who, when he designs these different parts, must so design them 
that they will be made well and accurately, if the thing is to go 
into commercial work, and he must be so much of a mechanic 
himself as to know how to turn those parts out quickly and uni- 
formly. When the mechanic goes into a shop to work, if his 
training has given him so much of the engineering part that he 
ean say how this tool can be changed to make six of these parts 
in a given time instead of one, and make them accurate, he is of 
so much more use. 

Mr. Babcock.—We men who have attained to gray hairs, who 
have picked up in practice what knowledge we possess, have a 
keen appreciation of what education is, so far as we have received 
one. We have perhaps a keener knowledge of what it should be, 
by reason of our own deficiencies. I do not know that because 
we have educated one man up to a point where he can do a cred- 
itable piece of work, that therefore we are competent to say how 
other men should be educated. We are very apt to think that 
everybody should now be educated in just the same way we were ; 


and in some sense that is a correct idea, because practice is the 


surest teacher. The young men whose hair is still untouched with 
snow have little idea of the facilities for an education which they 
possess in these days, compared to those which their fathers en- 
joyed. I was particularly struck with this thought in going through 
the educational exhibits at New Orleans the other day. The dif- 
ference is very marked between the modes of education at the 
present time and fifty years ago, or thirty years ago for that mat- 
ter. Now they are all tending to make better mechanics, for the 
word mechanic goes much farther than the machine shop. I think 
it goes into every department in life. The carpenter may be as 
good a mechanic in his line as the machinist. The cook may be 
and the housekeeper needs to be a good mechanic in her line. So 
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I say that the methods of educating the young at the present time 
have a tendency to make good mechanies in all departments of 
life, because they educate the hand as well as the head. But in 
regard to this question of the mechanical engineer, to use an old 
proverb which I suppose the younger generation have seldom 
heard, “ you cannot make a whistle out of a pig’s tail.” You 
must have the material to make a thing out of or you cannot 
mike it, and but one boy out of a large number has the ‘proper 
material for making a mechanical engineer. If you attempt it 
with wrong material you may work upon the job as long as you 
please; you will probably “make a fizz” before you get through. 
Here is where I imagine is the greatest difficulty in this whole 
question—to know what your material is before you commence to 
work. You have all heard, I suppose, the saying of a wise man 
of old about training up a child. Now TI read that a little differ- 
ently from most people. They put the stress upon the “way.” I 
put the emphasis upon “he,” and read “train up a child in the 
way he should go;” and before you do that you must know the 
particular way in which he should go. 

But no matter what the material is, it takes time. There is an 
inertia in mind as well as in matter. You cannot make a mechan- 
ical engineer in one year, nor in two years, nor in any number of 
years in a school. The school is simply the preparation, but it is 
& very necessary preparation, and one that cannot be dispensed 
with. But when the boys have been turned out of the school 
with all that preparation, they have yet to make of themselves 
mechanical engineers. The kind of preparatory education re- 
quired depends upon the boy. One boy should go to Worcester. 
It would be a waste of money to send another boy there. One 
boy should go to Stevens, and I know plenty of boys who would 
be worse off for going there. “ What shall we do with our boys?” 
is a problem, I suppose, which every man must decide for himself. 
What we are called upon to decide now, if we can, is what kind 
of a school is required to train the right kind of material to make 
the right kind of mechanical engineer. I am sure I do not 
know. 

Mr. Hawlins._-Being one of the few gray-bearded members 
whom Mr. Babcock refers to as having fortunately had the privilege 
of educating, to some extent at least, one man; and having last 
year been obliged to decide the question for myself, what to do 
with a boy whom I desired to have converted into a mechanical 


546 TECHNICAL TRAINING AT THE WORCESTER FREE INSTITUTE. 


engineer (and whom I placed at Stevens Institute, whether for 
good or ill, as may hereafter appear), I gave the question consid- 
erable thought, about as formulated in the first query of Professor 
Thurston, with results somewhat as follows, which I think differ 
considerably from the views advanced by any of the gentlemen 
who have preceded me : 

Mr. Babeoek has, I think, struck the key-note of this question 
in his*trendering of the maxim, “ Train up a child in the way HE 
should go,” ete.; but it has not, I think, been made so clear by 
him, or either of the other speakers, how this may best be done, 
as applied to the making of a mechanical engineer. 

We will agree, I think, that no two boys are, in all the natural 
tendencies and aptitudes going toward the making of a mechan- 
ical engineer, alike. We find, indeed, in the same family, such a 
diversity of talent as would require a vastly different system of 
training of two brothers, even if naturally fitted for the same pro- 
fession, and, in many cases, such as to preclude their both follow- 


ing the same profession successfully. 

We find boys who have naturally such analytical minds, that 
the study of mathematics is little more than amusement, while 
they may lack that faculty called “horse sense” by Mr. Dodge, 
and the “ finger wisdom” designated by Mr. Partridge, to such 
an extent as to make the acquisition of either uphill work with 
them. 

Again, we find boys naturally endowed with this “ finger wis- 
dom,” and that kind of generally good judgment that enables a 
man to arrive at a very close determination of the proper propor- 


tion and strength of a structure, or part of one, from mere inspec- 
tion of a drawing, but who finds the study of the higher mathe- 
matics the most onerous of tasks. 


We find, oceasionally, a boy who has such an intuitive concep- 
tion of Nature and her laws, and who, therefore, finds so much to 
attract him in the investigation of everything in the realm of 
physies, that he has no effort to make in the absorption of these 
branches of study, while these very branches—physics, chemistry, 
etc.—present the most difficult problems to boys of differently 
constituted minds. 

Again, I do not believe that, to be a successful mechanical 
engineer, every boy should be possessed of exactly the same kind 
and quantity of learning. There may, I think, be as great a diver- 
sity among mechanical engineers, and all be good ones, as, for 


instance, among doctors or lawyers. Doctors who follow some 
specialty closely generally become most celebrated, while some 
lawyers are best at criminal practice, others at patent law, ete.; 
and, certainly, if each of the two last-named professions is too ex- 
tended in scope for one lifetime to suffice for its acquisition in all 
its branches, we may take the ground that mechanical engineer- 
ing is not less extensive in its scope, and that the average boy 
would find three or four lifetimes too short within which to be- 
come such a mechanical engineer as would comprehend every- 
thing that could consistently be considered as coming under that 
head. 

I believe we may have mechanical engineers perfectly adapted 
to many branches of the profession without a knowledge even of 
what the caleulus consists of; while, for equally important 
branches, we may so educate others that, while up to the top 
notch in the pure mathematics, they may not require ever to 
handle a tool of any kind or know how they should be handled, 
both “finger wisdom” and “horse sense” being as much out of 
their line as a murder trial would be foreign to a patent-lawyer. 

From the above consideration, it appears to me that Professor 
Thurston’s first query, as formulated, cannot be specifically an- 
swered. There are too many qualifying conditions to admit of a 
categorical reply thereto. 

I think that it would be a most unfortunate state of things, that 
every school of mechanical engineering should have the same 
set curriculum, so that we could not choose between several 
with considerable variation among their systems and methods; 
and that the existing state of things, in which Stevens differs from 
Worcester, and both of these from the Boston Institute of Tech- 
nology (among which three I chose in the case of my own boy), 
and all the others among themselves, is the very best that could 
be had—unless, indeed, in looking over the various systems pur- 
sued, we could still further diversify them. 

If a boy exhibits a strong mathematical and analytical mind, I 
should send him to that school which gave greater importance to 
physics and manual training, for the reason that he will absorb 
the former without effort, while he will require to be more 
thoroughly drilled in those things in which he is naturally less 
proficient. If he developed a strong mechanical aptitude, and 
was an intuitive physicist (and these two generally go together), 
while mathematics constituted a hill for him to climb with diffi- 
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culty, I should choose for him the school which gave the greatest 
prominence to the latter, with the assurance that he would acquire 
the former in any event. 

These are the general ideas, Mr. President, which lead me to 
say that I believe that, in a country like ours, where so many 
schools of mechanical engineering are now in existence, and where 
so many more will exist in the near future, and in view of the 
great scope covered by the profession of mechanical engineering, 
the greater the diversity existing among their systems the better: 
and that, instead of our now trying to formulate some set curricu- 
lum for a school of mechanical engineering, to which all should 
conform, we should rather direct our energies to the grading of 
them, as it were, so that we may all, for our boys (whichever of 
their natural engineering gifts may predominate), find a “ way” in 
which THEY may successfully “ go.” 

Mr. Chas. F-. Emery.—The paper is interesting and instruct- 
ive. The methods stated are doubtless well adapted for the 
particular work attempted at Worcester, and embody some feat- 
ures which can well be studied in other institutions. Most of 
those who have spoken here criticise the prominence given to 
practical work in the Institution. My educational experience 
has been somewhat peculiar, as it alternated between periods of 
study and practice, the former with the direct assistance of 
schools in earlier years only, the latter in so many different and 
important directions as to require continual renewed preparation. 
Although I did not expect to speak at this time, and have never 
attempted fully to express my opinions on the subject of techni- 
cal education, I have thought that those here present might desire 
to hear whether I would advise others to follow, in any respect, 
the methods which circumstances blocked out for me. 

A man’s success in life depends first on his natural capacity, 
and, second, on what he knows. The order in which principles 
and practice are acquired would appear to be of minor impor- 
tance, so long as both are finally learned ; but there are important 
advantages in completing the regular course of study in the 
schools, in comparatively early life, and then blending the prac- 
tical participation and experience, which are necessarily a part 
of an education, into the professional practice which follows in 
due course. Abroad a man cannot attain a leading position until 
he is forty years old, and the custom is founded on sound princi- 
ples. The majority of men do not attain proper habits of thought, 
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do not exercise good judgment, and are not fitted for leading posi- 
tions until about that time—temperament and physical maturity 
varying the age somewhat. I®f young men would realize this law 
of nature, and make the best of their opportunities while in their 
business minority, they might succeed, in fact become prominent, 
in whatever branch they selected. If however a young man is 
expected to make himself useful in a profession, after a four years’ 
course, the greater part of the period should be occupied in the 
study of principles, as little time will be available for organized 
study afterward. The habits of a young man become fixed early in 
life, and it is essential that he should then acquire habits of study, 
be associated with gentlemen and form acquaintances which will 
be desirable in after years. A young man who first starts ina 
shop to become a mechanical engineer will, on entering college, 
generally be embarrassed by habits acquired from the class of 
men with whom he has necessarily been somewhat associated, and 
find it difficult to conform to the usages of college life and the 
customs of society. A person who has entered on the practice of 
his profession with a limited education can afterward supplement 
it, but at enormous waste of time and energy. Iam therefore 
very emphatically of the opinion that the technical college course 
should precede practical or professional work. Assuming this, 
we have to deal only with the question as to what extent practi- 
eal work shall be introduced into the technical course in con- 
nection with the study of principles. All acknowledge that an engi- 
neer should know how work is to be done. Differences of opinion 
will arise only as to the necessity of the student’s learning how to 
do work with his own hands in order to know whether or not 
others do similar work properly. There is no question but what 
young men should familiarize themselves with the tools and 
appliances used in their particular professions, sufficiently not 
merely to know their names and uses but the difficulties inci- 
dent to their use, and the reason why one workman with a par- 
ticular tool does better than another. The basis of all manu- 
facture is hand-work. It is within the recollection of most 
here present, when all the various mechanical operations were 
carried on with tools largely operated by hand. Machine tools 
simply imitate the movements of the hand tools, although in 
a more rigid and satisfactory manner. A young man who 
thoroughly accustoms himself to original methods can fully ap- 
preciate the more refined ones of recent origin. To be a mechan- 
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ical engineer, © man must learn how to handle a hammer and 
chisel so as to do effective work without injury to the joints of 
his hand. He should be able to chip and file pieces of metal to a 
plane surface ; know how to drillthem with the oldest and crudest 
appliances, and then be taught how to bolt them together and 
make joints to withstand permanertly high pressures of steam, 
gas, water or other fluids. ‘To one who can perform these various 
operations thoroughly and intelligently the use of machine tools 
will be simple. In connection with the hand-work above referred 
to, a young man would naturally be taught to make drawings in 
forms which could readily be moulded. This would require a 
reasonable participation in the business of pattern-making and 
moulding, and the mixing and melting of metals would come in 
eventually in connection with the study of their physical proper- 
ties. It is thought that all this preliminary work can be dis- 
tributed through the first two years of the college course without 
occupying a great deal of time. It should be proceeded with as 
a sort of recreation, organized sufficiently only to counteract the 
natural tendency of youth to change his plans continually and not 
to complete anything undertaken. After the initiative steps further 
advances can be well taught by clinical lectures, with little actual 
participation. It is certainly unnecessary to make young men 
sufficiently expert to manufacture articles for sale, as the time re- 
quired would prevent them from making the best of their oppor- 
tunities in gaining a knowledge of essential principles and their 
application to practical operations. In teaching the mechanie, he 
should be required to continue the use of each particular tool on 
different classes of work until he becomes expert. in teaching the 
engineer, he should be first familiarized with the method of 
operation in detail of each tool, and then be taught the principles 
of the machine, the proper proportions to make it efficient, the 
methods of adjusting it, and the special care required in the econ- 
struction of certain parts to make it accurate. The civil engineer 
is taught before using his leveling instrument to adjust the spirit 
level parallel to the line of collimation of the telescope, and to set 
both at right angles to the vertical axis. In studying a lathe, the 
mechanical engineer should be taught the method prevalent in the 
best shops to bring all the bearings of the head and tail stocks 
exactly in line and parallel with the shears. He should be tanght 
what parts are liable to wear, how such wear is compensated for, 
and the best forms of construction to prevent itfrom having undue 
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influence. He should be taught the quantities of material which 
can be removed with proper cutting tools in machines of va- 
rious sizes and proportions, and the improvements in construe- 
tion which enable modern machines to do more work than the 
older ones, should be clearly pointed out. In this way the 
mechanical engineer is at the outset put ahead of the mechanic, as 
he knows more about the tools which the mechanic is using and 
is prepared to design others on proper principles. 

The same method of instruction can be carried out with all the 
apparatus used by the engineer. The plan is substantially 
adopted in most schools in relation to steam engines but is not so 
general in respect to the boiler. The mechanical features of 
construction of a boiler are to be studied carefully, such as the 
riveting, calking, bracing, ete.; the physical properties of the 
materials are to be examined, and the proper design and propor- 
tions of the boiler are to be considered, so as to adapt it to the 
work to be done and secure the maximum economy obtainable 
when all conditions are considered. Boilers can be made of very 
many shapes and can vary greatly in size to do the same work. 
When weight is a consideration there can be some sacrifice in 
economy. The mechanic has to deal only with the first and to 
some extent the second of these considerations ; the mechanical 
engineer must understand all. During the progress of every 
branch of study, references can be made to forms of construction 
illustrating each principle under consideration. Success or 
failure due to the application or non-application of correct prin- 
ciples can be continually pointed out. Attention can be called to 
the work in progress in the higher classes to show the necessity of 
the preparatory work in the junior classes, and throughout the 
whole course of study the mind of the student can be kept in- 
terested with apparatus, methods and principles relating to the 
ultimate object to be attained. The first two years will necessarily 
be oceupied with the study of principles and the preliminary 
knowledge of practical details, the latter part of the course with 
independent investigations in the mechanical laboratory and 
such application of principles as are practicable with the time 
and facilities at hand. It is felt that in some cases more has 
been attempted than the students could digest. It is thought 
that great patience should be exercised in impressing upon the 
students the knowledge of underlying principles, and in making 
one or two applications which will apply directly to the regular 
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experience of the engineer. Too much time is frequently spent 
in elaborating the various changes and conditions which are pos- 
sible, and working out hypothetical results, too often founded upon 
insufficient data, and which have frequently so little reference to 
practical operations that their value consists only in the discipline 
of mind required to understand them. It is thought that the ex- 
istence of all these possibilities should be known to the student, 
but that there is no necessity that he should work them all out. 
The information can be briefly conveyed in lectures with refer- 
ences to text-books and current literature. It is thought that in 
some text-books too much work is left for the student. Fre- 
quently a mathematical formula is given, with the general state- 
ment that it is based on certain principles already stated, but 
without references of any kind or a hint of the necessary reduc- 
tions to secure the result. Granted that a certain amount of this 
work is necessary to test the knowledge of the student in his pre- 
liminary studies, certainly, after this result is accomplished, his 
time is too valuable for him to be continually at work on problems 
much in the nature of puzzles. The teacher should be trusted to 
know that his pupils have the proper knowledge of preliminary 
principles. It should be realized that the time available is very 
short, and every effort be made to enable the student to cover as 
much ground in various directions as possible. Many professors 
fear to do what they think may be called slipshod work. There 
is no danger of this if they have impressed upon the students such 
a knowledge of first principles that in after life they can satisfac- 
torily investigate nearly any desired problem in engineering, using 
their note books to find references where the subject is treated more 
in detail than is possible in the limited time available at school. 
It is believed that if these methods be rigidly followed out 
the course of study can be broadened. It is desirable that 
an engineer should know something more than his specialty. He 
should have a fund of general information, He has duties to so- 
ciety and to his friends. He not only should know “ what to do 
and how to do it,” as ex-President Sweet has said, but he should 
be able to impress others with the fact that he has this knowledge. 
It is desirable therefore that students in any special direction 


should have a general knowledge of everything that is going on in 
the world, and be able, if possible, to converse intelligently on every 
technical subject taught in a university course. The superficial 
education of many women is of special value. They know how to 
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be entertaining without exhausting their lives with details. Some- 
thing of this kind should be combined with the hard, closely-drawn 
lines of a technical course. The old saying, “ Know something 
of everything and everything of something,” is valuable. By 
means of lectures, debating clubs, literary associations, brief lec- 
tures of specialists and the like, some superficial general infor- 
mation should be imparted in all departments of knowledge. At 
the same time a course of study in certain directions should be 
enforced rigidly, and the students be required to show that they 
understand the underlying principles and their application to ordi- 
nary practice, and care taken that they inform themselves as to the 
existence of various higher investigations, and have references so 
that the same ean be found as required. It has been thought that, 
with this method of teaching, engineers of all classes can receive 
the same education until near the end of their college course. 
Few young men ean know in early life what particular branch of 
engineering they desire to follow. If all have the same knowl- 
edge of principles and all have the same general information in 


relation to engineering questions of all kinds, no abrupt depart- 


ure is necessary to undertake any particular specialty. If time be 
properly conserved, all engineers can be taught in general terms 
the use of the instruments and many of the details of the work of 
civil and mechanical engineers so early in the course that, in the 
fourth year, in connection with general instruction and joint par- 
ticipation in certain laboratory work, such as experiments on the 
strength of materials, special practice can be had which will fit 
the young men to be more immediately useful in the particular 
branches of engineering they have severally selected. Graduates 
should, however, be instructed that they have not finished their 
education. They have earned the right to be called engineers 
and can begin to participate in practical work in a way which ean 
never be taught in schools. They should keep in view the fact 
that they are really in a business minority until they are forty 
years old, and be ready previous to that time to forego the most 
flattering business engagements if the same are not caleulated to 
elevate them in a practical knowledge of their profession. They 
should be taught, instead of attempting in a conceited way to 
direct the practical work they are engaged on during their busi- 
hess minority according to views supposed to have been learned 
at school, but really only a youth’s notion of such views, that 
they should willingly follow along in methods previously in vogue 
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in the particular establishment, intelligently carrying out the orders 
of superiors and quietly studying the cause of this or that partic- 
ular practice, and endeavoring to ascertain why things are done 
in such apparently curious ways. The result in nine cases out of 
ten will be that finally a practical reason will be found why certain 
apparently evident methods were not adopted, and why those infe- 
rior in some respects were better when everything was considered. 

Many ambitious professors aim too high. Year after year 
they attempt to improve their course of teaching, even to classes 
of the same grade, by the introduction of more matter and in 
greater detail. It should be borne in mind that freshmen one 
year are as fresh as those that entered the year before ; that they 
have on the average only the same capacity and cannot be made 
to accomplish any more than the previous class, unless the former 
course was specially faulty. Minor improvements can be made 
to advance each class a little above its predecessor, but the work 
may be overdone. The professor is older than his pupils, his own 
mind is maturing, and in most cases he is discussing questions and 
solving problems many years in advance of any members of either 
of his classes. If he attempts to utilize these higher investiga- 
tions as portions of his lectures, he may be wasting the time of 
the students. Evidences of this have in some cases been so con- 
spicuous that it has been thought that the independent privileges 
usually accorded to professors, at least in universities, sliould be 
modified, and the course of instruction, even in detail, brought 
under one general head. In this way only, it is thought, can the 
best advantage be taken of time available, and all departments be 
progressed harmoniously and systematically. This plan has re- 
cently received assent in a prominent manner, and although the 
present speaker could not compromise his business engagements 
sufficiently to give the necessary direction at a particular place 
and at the same time actively participate in teaching, it is grati- 
fying to know that another has been found to give his whole 
attention to the subject, who is clothed with the necessary author- 
ity to carry out his work in his own way, with practically the 
system of organization herein proposed. 

The above statements are offered simply as suggestions which 
if put in practice must be modified to suit the particular condi- 
tions of each location and the objects to be attained. 

Mr. Green.—This discussion, Mr. President, has taken a very 
broad range, and the opinion seems to prevail on one side that only 
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a certain class of men are by nature fitted to be mechanical engi- 
neers. On the other side it has been argued that by the training 
which we can give to our boys we can fit any of them to become 
mechanical engineers. Between those two points lies the truth. 
When the Almighty created this world and gave it to man for an 
inheritance, I do not believe that he intended that because a man 
had a head of a certain shape, that a certain pathway in life was 
shut against him, and while I will admit that some men are better 
fitted than others for particular work, I think that the methods of 
education may be made such as will fit men for such stations in 
life as their will pushes them towards. Our minds are made up 
of the will, of the emotions, and of the understanding, and if a man 
in the early part of his life, without any reference to what is the 
shape of his head or who his father was or how much money he 
may be possessed of, makes up his mind to reach a certain spot, the 
probabilities are that he will get there. Then the boys that are 
coming along, whether they are inthe workshop or in the college, 
must be taught, as the gentleman who immediately preceded me 
said, the fundamental principles of the business. They must be 
taught what it is to study, and whether the education shall be in 
the workshop or in the college it does not make any difference. 
Nature is the same to us all, and the principles that underlie all 
these things are the voice of nature to each brain and to each soul. 
It is when we learn properly to interpret nature’s speech to us that 
we receive an education, and that school which will best do that 
is the school to teach us all. In the early part of the discussion 
here about schools a little question came up that brought out to 
me a thing that I have spoken of a thousand times. If a little 
natural law, apparently insignificant, was against the machine we 
were building, though our machine was as big as the pyramid of 
Egypt, it would be a failure, and the best way to train the boys is 
to teach them what are nature’s laws—how does nature act. In 
the schools of the country, from the common schools to the great 
colleges and universities which are frequented by all classes of 
boys, if there was more attention paid to the conduct of those 
boys at the school, so that their habits would be thoroughly 
investigated, that they should be kept in certain metes and 
bounds—in that way more than in any other, the habits, the 
strength of character and the power for usefulness of our young 
men would be advanced. 
Prof. Webb.—I wish simply to say that I am extremely gratified 
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by this discussion, and hope that you will all think over it, and 
that we may continue it at the next meeting. I shall take pains 
to have a report of the discussion upon this subject at the com- 
ing annual meeting of the American Association for the Advance- 
ment of Science put in shape so that you can get it before that 
time. 


The President.—It is with exceeding regret that I am obliged 
to call the discussion of this subject to a close. In a session 
which has been conspicuous for admirable discussion, more so 
than any session I think I have ever attended, this seems to me 
to be the most interesting. It is interesting not only because it 
is a question which comes to every father and to every mother, 
but it is an important question which no other tribunal is so 
well fitted to pass upon as this. While scientists all over the 
country may add very much to what we want to know on this 
subject, yet the final test must come from the men who have 
brought themselves into prominence by the various modes of 
instruction which they have received. And I know of no higher 
tribunal in which a question of this kind shall be solved definitely 
and decidedly than a tribunal which carries in its ranks men who 
have made their mark in this country and in others, and who are 


well known as the best mechanical engineers of our own coun- 
try, and those are the men, in part, whom you have heard here 
to-day, 


ADDED SINCE THE MEETING. 


Prof. R. H. Thurston.—1 have been very much interested in 
the paper presented by Professor Alden, and feel that we owe him 
our heartiest thanks for preparing it. It has been the hope of 
many of those engaged in this department of educational work 
that a very full and free discussion of the subject might be se- 
cured, in which the views of all who have had experience in this 
work, and of all the leading men in the profession, might be ex- 
pressed, and some progress be thus made toward the establish- 
ment of a course of instruction in our technical schools that should 
have maximum power of improving the minds, and increasing the — 
usefulness, of students attending such schools, and at mivimum | 
cost in time and money, both to the pupils and to the schools. 
The account here given of the Worcester school and its methods — 
‘ is particularly interesting as detailing methods that have, as I 
1 = by personal investigation, been fruitful of good results to an 
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exceptional degree. I have been desirous of obtaining just such 
astatement, with tabular representation of the distribution of time, 
from the several schools, and am greatly pleased with the fullness 
and exactness of the statement given us by Professor Alden. 
Assuming that the kind of work is to be done which has been so 
successfully performed at Worcester, I think that it would be diffi- 
cult to plan a course that should be more efficient than that here 
exhibited. The two prominent characteristics of the scheme are 
the considerable time devoted to shop work and the incorporation 
of a commercial business into the organization of a school of this 
kind. The result must evidently be, under efficient management, 
and whatever may have been the intention originally of its organ- 
izers, the production of a class of educated and skilled mechanics 
such as was never before known. I have seen the products of the 
school, both intellectual and material, and know it to be excellent 
—just what this outline of the methods of its production would 
lead us to expect. The men are trained up to a limit of skill 
which is determined simply by the capacity of the individual; 
the tools and other work turned out have been, so far as I have 
been able to observe them, most excellent, and creditable alike to 
the school and (especially) to Professor Higgins, the superintend- 
ent. The Worcester school has always impressed me as an ex- 
ceedingly efficient school of the mechanic arts. Its course being 
of but three years’ length, and its work so excellent, one is natu- 
rally led to ask, What might it not accomplish were it made a third 
longer by the addition of another year? I am inclined to accept 
this course as one which may be considered as, on the whole, rep- 
resentative of a very perfect adjustment of means and opportuni- 
ties toends. The catalogue of Alumni, with their present positions 
and oceupations, proves it to be capable of turning out men who 
are needed. 

[ am particularly pleased with the evident care taken in the ap- 
portionment of study and working hours, with a view to relieve 
the student from that strain which comes of too prolonged effort, 
and to secure a fair distribution of mental and physical labor. I 
have no doubt that the statement that no indications of the evil 
effects of overwork have been observed is the natural result of 
this care. The throwing of a large part of the shop work into 
what, with other schools, is vacation time, and the endeavor to 
secure lengthened periods of practice at other times, seem to me 
thoroughly excellent provisions for increasing the efficiency of 
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hours devoted to shop work. The longer the period of continuous 
application, up to the limit of comfortable endurance, the better 
the result. I am not at all certain that the extension of this sys- 
tem still farther might not be an advantage ; but it is to be kept 
in mind, of course, that the good effect of the manual exercise, as 
a relief from mental work, may be lost if this is carried too far. 
Professor Alden’s testimony in regard to the good effect of this 
manual labor upon the efficiency of mental exercise is as encour- 
aging as it is apropos. 

The question whether a commercial business and a school of — 
manual training can together form parts of such a scheme of tech- 
nical education as this is one which has been a prolific source of 
discussion. It is evident that its decision must be determined 
largely by the test of experience. It has here been a success, if 
we may accept the testimony of those who are best competent to 
testify—those who are conducting the experiment, and have, as 
they believe, reached a definite conclusion. I should suppose 
that the success or non-success of such a combination would be 
determined very largely by the direction which circumstances 
might give the work done in this way. If the commercial element | 
should be allowed to control, there would be danger that the time 
of students would be frittered away, in the endeavor to make prof- 
its out of skilled men at a time when, having acquired such skill, 
they should be at once directed to take up another kind of work, 
and perfect themselves in that, instead of making money for the 
business department, and thus utterly wasting their own time. Only 
a wise discretion, and a strong government, could perhaps prevent 
this abuse. If, on the other hand, the fact that the instruction is 
the principal object, and the finances the incidental part of the 
system be kept prominently in mind, the work being done com- 
mercially, in the main, by employed skilled workmen, the student 
being only permitted to practice his art in their company until he 
has acquired a satisfactory proficiency in the handling of tools — 
and the construction of machines, and being directed to other — 
lines of work as soon as the desired proficiency is attained, the — 
presence of the commercial element is evidently—to my mind—a _ 
very important advantage. A machine shop beside the school is 
certainly not, in itself, a disadvantage. This is as evident as is — 
the tendency to abuse of the opportunities which it offers. A 

knowledge of shop methods and of business routine is as essen- 
tial to the young mechanic and engineer as is familiarity with the 
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use of tools. I can testify to this from a personal experience in 
which school and college work was enlightened by a shop practice 
and experience simultaneously gained during spare hours, holi- 
days, and vacations. The practical knowledge so acquired was 
fruitful during every day of subsequent business life, and later 
periods of a very varied experience in many branches of profes- 
sional work in practical, as well as in, as it is called, “ theoretical ” 
work. It has been my experience that a healthful mingling of the 
.two lines of work is, as a rule, vastly more valuable to the individ- 
ual than can be the same amount of time expended in either direc- 
tion separately. I doubt the possibility of any man doing the 
highest work of which he is capable in the profession of engineer- 
ing, or in any direction in applied science, without this intermin- 
gling of study and practical experience. The so-called “ practical 
man’s” contempt for the so-called “ theoretical man,” it cannot be 
denied, has a real basis in the inefficiency of the latter, where un- 
familiar with the working side of his profession, and his conse- 
quent inefficiency, if not absolute incompetence, when called upon 
todo, The ability to scheme, to concoct problems in mathematics, 
to invent a new formula or to construct an elaborate theory upon 
a basis of practically impossible assumptions, does not impress 
the former class with very much respect for either the judgment 
or the ability of the latter, when accompanied by absolute lack of 
every-day knowledge, and of that hard common sense which only 
the hard rubs of practical life can fully develop. I consider it a 
matter of the utmost importance that this etherealizing of the 
mind of the student by pure mental gymnastics should be cor- 
rected by the training obtainable only by contact with those who 
are doing, as well as thinking. As some one has well remarked, 
“ Dreaming is not thinking,” and all mental exercise is apt to de- 
generate into dreaming when not steadied by beginning and end- 
ing with something tangible, and by aiming at practical results. 
For the engineer, and for the mechanic, life is too short to permit 
of its devotion, to any great extent, to pure mental gymnastics. 
Applied gymnastics give him the same subjective effects combined 
with the no less essential, indeed, to him, more essential, objective 
effect, the acquisition of the ability to earn a living. 

It is evident that before it can be said that one or another of 
proposed courses of instruction is the better for the student, the 
precise object songht to be attained must be defined. If the 
pupil is to become a mechanic, working at his trade, he will re- 
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quire one special line of study and practice; if he is to be quali- 


fied to take charge of a manufacturing establishment, directing 
its administration, he will need another kind of training ; if he is 
to become the superintendent of its shops, to design a special line 


of products, to become the “ engineer” of the establishment, he 
will probably ask a somewhat different course of instruction ; 
while, if he is to become a “ Mechanical Engineer,” in the sense 
in which the term is now customarily used, and is to be made 
competent to enter into any one of a very extended list of lines of 
work, such as designing prime movers and mechanism, advising 
in regard to the use or construction of the best forms of machin- 
ery found in the market; if he is to be made competent to test 
steam and other machinery to determine its efficiency and its fit- 
ness for its intended use, he must have a still broader training. 
It may be that it is proposed to lay out a course of general in- 
struction in the latter direction, and to supplement it by courses 
of instruction of a special character, the first part forming the 
regular course of instruction to be pursued by the ordinary stu- 
dent, and the succeeding years of his college life being given to 
the study of such special line of professional work as he may have 
chosen, as, for example, naval engineering, railroad engineering, 
or the engineering of the textile manufactures; it then becomes 
obvious that the subjects taught, the order of their presentation, 
and even the methods of instruction, may be found to take shape, 
in adaptation to the purpose in view, in quite a different way from 
that above referred to. 

It is this latter case which is most interesting to engineers gen- 
erally. It is certainly that which has most attracted me, and is 
that in the development in which I have most desired to take 
part. It is now nearly fifteen years since I planned a general 
course in mechanical engineering, of which the following is the 
scheme : 

CoursE oF INstrucTION IN MECHANICAL ENGINEERING. _ 
I. 
MATERIALS USED IN ENGINEERING.—Classification, Origin, and 
Preparation (where not given in course of Technical 
Chemistry), Uses, Cost. 
Strength and Elasticity.—Theory (with experimental illus- 
i trations) reviewed, and tensile, transverse and torsional 


resistance determined. 
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Forms of greatest strength determined. Testing materials, 

Applications. —Foundations, Framing in wood and metal. 

Friction.— Discussion from Rational Mechanics, reviewed 
and extended. 


: Lubricants treated with materials above. 
a Experimental determination of “ coefficients of friction.” 
~ 


Il. 
Toois.—_Forms for working wood and metals. Principles involved 
in their use. 
Principles of pattern making, moulding, smith and machin- 
ists’ work so far as they modify design. ey 
Exercises in Workshops in mechanical manipulation. 
Estimates of costs (stock and labor). 

MACHINERY AND Mitt Work.—Theory of machines. Construe- 
A = tion. Kinematics applied. Stresses, caleulated and 
"ated _ traced. Work of machines. Selection of materials for 

; the several parts. Determination of proportions of de- 
tails, and of forms as modified by difficulties of con- 


struction. 
. Regulators, Dynamometers, Pneumatic and Hydraulic ma- 
chinery. Determining moduli of machines. 


Power, transmission by gearing, belting, water, compressed air, 


pat 
Loaps, transportation, 


Ilisrory AND Present Forms oF THE Movers. 
Windmills, their theory, construction, and application. 
Water Wheels. Theory, construction, application, testing, 
and comparison of principal types. 
Air, Gas, and Electric Engines, similarly treated. 

{Marine (merchant) Engine as- 
sumed as representative type.] Theory. Construction, 
including general design, form and proportion of details. 

Boilers similarly considered. Estimates of cost. A 

Comparison of principal types of Engines and Boilers. _— 

Management and repairing. Testing and recording per- 
formance. 


IV. 
Morors appLiep TO Mitis.—Estimation of required power and of 


I 
cost, my 


4 ¥ 


| 


TECHNICAL TRAINING AT THE WORCESTER FREE INSTITUTE. 


fatlroads. Study of Railroad machinery, 
Ships. Structure of Iron Ships and Rudiments of Naval 
Architecture and Ship Propulsion. 
PLannina Machine shops, Boiler shops, Foundries, and manufac- 
tories of textile fabrics. Estimating cost. 
LECTURES BY EXPERTS. 
GENERAL Summary of principal facts and natural laws, upon the 
thorough knowledge of which successful practice is based ; 
and general resume of principles of business which must 
be familiar to the practicing engineer. 


GRADUATING THESES. 


GRADUATION, 


Accompanying the above are courses of instruction in higher 
mathematics, graphics, physics, chemistry, and the modern lan- 
guages and literatures. 

This course of instruction was intended to be introtluced, with 
the approval of many of the most prominent members of the 
profession who were at the time consulted, into the curriculum 
of the Stevens Institute of Technology, to which institution I had 
then been just called as Professor of Engineering. That institu- 
tion had been founded as a school of mechanical engineering, 
purely ; and it was thought possible, there, to give as full a course 
as is here laid down. The event proved this assumption to be a 
mistake, and indicated that, even in a special school of engineer- 
ing of this character, it is not practicable, in the time allowed for 
the professional studies of its four years’ course, fully to cover 
the ground here proposed. Year by year ground has been gained, 
and the plan here outlined more nearly carried out; but it will 
require still better preparation of entering classes than is yet 
found usual to permit its full acquisition. * 

The first division of the course includes the study of the ma-— 
terials of engineering, and should be very fully developed, even to 
the partial exclusion, if necessary, of the special courses which form — 
the third and fourth divisions. I think that this work should be 


* As a commentary on this scheme, attention is called to a statement nia with 
it to the Scientific American Supplement, where it was first published, April 19, 
1884, p. 6904.—R. H. T. 
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done very thoroughly, as far as it is done at all. The practitioner 
finds a thousand applications of this section of his course present- 
ed to him, to one of the later part, unless, indeed, he is making a 
business of some one of the special brauches, in which case, even, 
it is better that the student should be well taught in the elements 
of the work, leaving him to study the advanced portions as de- 
manded in his business, rather than to take the reverse course. 
He always works under an experienced preceptor, when entering 
into business. 

While teaching him the characteristics of the materials used in 
his work, the student should be given experimental practice in the 
testing of such materials. If a “ Mechanical Laboratory” can be 
organized in connection with the general course, it will give the 
best possible means of supplying this kind of instruction. Where 
shops are organized—and no course in mechanical engineering 
can be successfully taught without them—it will be found that the 
natural system includes laboratory and workshops in one organi- 
zation, under the direction of a single mind familiar with the 
needs, and authorized to assume the direction, of the course. Ex- 
periment and lecture-room instruction must go hand in hand to 
secure the highest attainable result. 

The work summarized in section 2 is largely work-shop instrue- 
tion. It should be possible so to arrange the course that the 
manual training and the study should be made to alternate in 
such order and in such proportion that each shall help the other. 
I know of no more successful intermingling of brain work and 
manual exercises than is illustrated in the Naval and at the Mili- 
tary Academies of the United States, and I see no reason why an 
equal success should not be attained in a technical school in which 
the workshops, drawing rooms, lecture rooms and the private 
study may all be made to supply elements of a scheme which 
should be largely shaped by the physiological and hygienic de- 
mands, which, hitherto neglected, must soon be made control- 
ling considerations. I would subject every student entering one 
of these professional schools to examination by a physician, before 
admission, rejecting every man not certified to be well prepared 
to take what must necessarily be a heavy course, and I would then 
endeavor so to arrange the work of the successful aspirant as to 
promote good health, and to secure increasing efficiency of body 
and brain. Physicians who are familiar with the enormous invflu- 
ence of bodily symmetry upon the development of the brain and 
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nerve power will urge careful training of the left side as a part of 
the manual labor in the workshops. 

In the study of Machinery and Millwork, section 2, which is, 
perhaps, the most important part of the whole course, the the- 
oretical courses in graphics of construction, and in kinematics 
may be best at once followed by machine design, the theoretical 
part of the course being carefully adjusted in such manner that 
the time devoted to design and proportioning shall not be sacri- 
ficed to a serious extent. In fact, the whole course of work in 
the drawing room should be directed to this end, and the drawing 
department should be essentially a school of design, and dis- 
tinctly so recognized. 

Beyond this point, the course must evidently be shaped by cir- 
cumstances, becoming more or less extended, and covering more 
or less of detail, as time and the practicability of securing efficient 
instructors, may permit. The whole course should be directed 
with a view to the preparation of the student for efficient work, 
first in the shop and designing room, under direction of older and 
more experienced heads, and finally in the highest and most ex- 
acting department of professional work, the creation of new forms 


of mechanism. The practical application of knowledge to the 
attainment of distinctly defined ends is to be kept in view as the 
sole object of all purely professional training. To know, with the 
engineer, is simply introductory to the greater aim—the ability to 
do, the acquirement of the power of originating, and of putting 
ideas in concrete form. 


In order that such a course of professional instruction as this 
may be properly carried out, it is evident that every instructor 
engaged in the work should be familiar with the demands of prac- 
tical life and of professional work. Not only should the Professor 
of Mechanical Engineering be a practitioner, and thoroughly 
versed in the art as well as the theory of his profession, but the 
teacher of drawing should be equally familiar with actual work ; 
not simply the principles of descriptive geometry and the methods 
of the drawing room should be familiar to him, but he should be 
expert in designing, and should be capable of teaching the stu- 
dent all the details of calculating, forming and proportioning the 
parts of all familiar machinery. The art of designing must nec- 
essarily be largely taught in the drawing room, since it can only 
be satisfactorily practiced with the aid of the apparatus of the 
drawing room. The course of instruction in the lecture rooms 
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should furnish the requisite knowledge of principles and of the 
facts relating to the strength and other properties of materials, 
and the modifications of design necessitated by the exigencies 
of construction ; but the actual designing must be done in the 
drawing room, and the course of instruction there, beginning with 
the principles of graphics, should lead, at the earliest possible 
date, into the work of laying out the parts of machinery. 

The instructor in the workshops should also be educated and 
at home with the principles, as well as the practice, of his art; 
and even the teachers of mathematics, the instructors in the lan- 
guages—in fact every one who takes a part in the work of educat- 
ing the young engineer—should be familiar with the applications 
which the student is to make of the knowledge which he is to 
communicate to him. Such a course, so taught, must be success- 


ful. 
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BY ALLAN STIRLING, NEW YORK, 


No apology need be made here for offering a paper on the sub- 
ject of steam generators ; and if it were intended to advocate any 
particular form of generator, no more intelligent and appreciative 
audience could be found for its presentation than the American 
Society of Mechanical Engineers, It is not the intention, however, 
to advocate any particular form of boiler, but simply to state some 


Fig.136. 


facts which are strictly historical and which have been gleaned 
from various sources. This being the case, it will not be expected 
that anything original or striking shall be presented ; but that the 
discussion of the general subject of boilers, in which it is hoped 


the members will indulge freely, may lead to some useful result in 
advancing the art of boiler construction, an art which is entitled 
to hold a place second to none in our modern civilization. 

It isa common impression that water-tube boilers are modern as 
compared with shell boilers, but this can easily be shown to be 
erroneous, In 1802 John Cox Stevens of Hoboken, New Jersey, 
patented a water-tube boiler in England, and shortly afterward 
employed a boiler of the same construction to drive a twin-screw 
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steamboat on the Hudson River (Fig. 136), 
J. 


SHELL AND WATE 


Although the attention of 
engineers was thus early di- 
rected to water-tube boilers, 
we find that nearly all boilers 
built since the invention of 
the steam engine have been 
of the shell type. This fact 
cannot be disputed, and it will 
be interesting and profitable 
to discuss the reasons why the 
shel! boiler has so generally 
been preferred. Your atten- 
tion will be first called to some 
of the forms and features of 
shell boilers that have stood 
the test of hard usage and 
worked their way into wide 
adoption for the generation of 
steam. 

The best location for the 
fire, whether inside or outside 
of the boiler, is a matter 
which has received much at- 
tention, and each has had its 
advocates and patrons. Some 
have maintained that the com- 
bustion of gases in a hot brick 
furnace external to the boiler 
is so much more complete that 
it gives the external furnace a 
great advantage ; while others 
claim that the combustion is 
as perfect when the fire-place 
is surrounded with water, and 
that the radiant heat from the 
fire gives the internal furnace 
the preference. John Elder 
found that furnaces two feet 
wide, with water legs close to 
the fire, were quite as good for 


the combustion of the gases 
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as wide furnaces. Very careful 
experiments made at Saarbriick 
proved that boilers with exter- 
nal furnaces Jose at least twenty- 
five per cent. by heat passing 
through the masonry. Tor the 
poorer qualities of soft coal, how- 
ye f ever, it has been found that a 

brick furnace is a decided ad- 
vantage, 


The simplest form of genera- 
tor is the plain cylinder boiler, 
which is still used so largely at 
coal mines and iron works. The 
cylinders are suspended from 
above over the furnace and 
combustion chamber, frequently 
without a single brace or stay of 
any kind, the heads being of 
Fra, 138. east or wrought iron riveted to 
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the shell (Fig. 137). After being used for a time they are generally 
turned upside down, thus prolonging their life. They are simple and 
easily accessible for cleaning and repairs, hold a large quantity of 
water, and have a large area of water level. Their great length is 
necessary so that the heat may be absorbed, as it travels only in one 
direction. This great length introduces a difficulty due to the un- 
equal expansion of the top and bottom, which has been partially 
overcome by the use of springs for bearings. These boilers are very 
heavy and occupy large space in proportion to the water evaporated, 
and the percentage of loss of heat through the inclosing wall is 
very great. The principal reason that the writer can offer for the 
use of such a bad form of boiler is, that while coal and iron men 


are generally wide awake in their special branch, they have not 
always been alive to the importance of the economical production 
and use of steam. 

The horizontal tubular boiler, with which we are all so famil- 
iar, has been very little used in Britain and on ocean steamers, but 
has been and is still very popular in this country. Where the 
sooty grades of soft coal are used and the water is very muddy, 
riveted flues or large lap-welded tubes are preferred, as in our 
western river-boats and manufactories. There is more likelihood 
of the heat being absorbed iu this boiler than in the plain eyl- 
inder, because the gas returns through the tubes and is divided 
up by them, and the metal of the tubes is much thinner (Fig. 188). 
It has a large area of water level, and the circulation of water, 
although not clearly detined, is ample. It is practically impossible 
to make a thorough job of cleaning this boiler by scaling, because 
its tubes are so close together. The flat ends above the tubes re- 
quire a complicated system of bracing. The weight and space oc- 
cupied per horse-power is moderate, and this is probably the best 
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and cheapest boiler for a given amount of heating surface, at mod- 
erate pressures of steam, that can be built. Hence, for stationary 
purposes, in this country, it is used nearly to the exclusion of every 
other type of boiler. 


Fig. 140 


Of the internally fired shell boilers there are the Cornish and 
Lancashire, which are used largely in Britain (Fig. 139). These 
boilers are heavy, bulky and costly for the horse power they 
develop, and the flat ends require bracing, and on account of the 
gas having a straight run in amass through the flues, a large per- 


Fig.141. 


centage of the heat is lost up the chimney. This has been reme- 
died, in very many cases, by the insertion of a number of drop 
tubes or cross tubes in the flues, which serve the double purpose 
of taking the heat out of the gas and also breaking up the cur- 
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rents, the result being a material saving of coal (Fig. 140). The 
expense of thus inserting tubes, in Cornish and Lancashire boilers, 
has frequently been paid for in three months, by the saving of 
coal ; the economy of coal being in some cases as much as two tons 
per week for one boiler ; and after running two years no diminution 
had taken place in their efficiency. 

Second: The locomotive boiler. This is probably the type of 
boiler which is most universal. Besides being used to the exclusion 
of all other forms for locomotives, it has to some extent been em- 
ployed for stationary and marine purposes (Fig. 141). It has a 


Fig.142. 

large tirebox, large area of water level and good circulation, the 
current being down at the shell and up between the tubes. It 
may be urged against the locomotive boiler, that it is defective 
in facilities for cleaning and inspection, and that it has large flat 
stayed surfaces. But the fact remains, that locomotive boilers do 
harder work and develop more power for their weight, than any 
other type of boiler. When boilers of large power, light weight 
and occupying small space were wanted for torpedo boats, the 
locomotive type was preferred. They are, however, expensive 
boilers for the amount of heating surface. 

Third: The common marine boiler, with its large external shell, 
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internal furnaces, back connection and return tubes (Fig. 142). 
This boiler has large area of water level and the circulation of 
water is good, It has the same features as the locomotive and re- 
turn tubular boiler, that it is impossible to get at the tubes to clean 
them thoroughly, and it has large flat stayed surfaces. Their 
weight, space occupied and cost are all moderate in proportion to 
the heating surface. One serious objection to this form of boiler, 
for high pressures, is the great thickness of the shell. It has been 
found that both steel and iron are much improved in quality by 
being rolled from a large to a small section. In the case of steel 
rails, the reduction by rolling is as much as twenty or thirty times, 
and this has a very good effect on the quality of the rails. Where 
plates of great thickness are wanted, the reduction by rolling is 
much less and the great thickness prevents the center of the plates 
from being properly worked. In order to obtain satisfactory ten- 
sile strength, there is a strong temptation to make the steel with a 
large percentage of carbon, which makes it brittle and unsuitable 
for use in boilers. Until we get very heavy machinery to roll 
very large ingots, this will be a difficulty. 

Fourth: The vertical tubular boiler, which has these objections: 
that part of the heating surface is above the water level and is 
liable to be injured by the fire, that it has small area of water level, 
and that it is difficult to clean and repair. Many modifications of 
the vertical boiler have been made, but they are for small powers, 
and have not come into general use. 

It will be noticed that the shell boilers that have been most ex- 
tensively employed are all so constructed as to render it impossi- 
ble to clean them by hand. This would seem to indicate conclu- 
sively that it is not necessary to the continuous and successful use 

~of boilers, that we should go inside with scaling hammers. The 
most effective way to keep any boiler clean is to blow it down 
under steam, at frequent and regular intervals. 

One hundred and fifty pounds pressure per square inch is the 
maximum that has been employed successfully in any of these 
forms of shell boilers, and it is difficult to see how this can be 
much increased. The shell of those externally fired and the fur- 
naces of those internally fired cannot be made much, if any, thicker, _ 
on account of the direct contact of the flame, and in the case of the — 
internal furnace, the use of the Fox corrugated tube is the thing 
that has made such high pressures possible as are now carried 
on board ship. 
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All shell boilers which have been extensively used have flat 
surfaces braced, and in the records of boiler explosions it will be 
noticed that it is the circular parts that have generally given 
way. 

There are some boilers that cannot be classed either as shell or 
water-tubes, as they have both, such as the “ Martin” boiler 
(Fig. 148), used so extensively in the United States navy ; and the 
“Field” boiler (Fig. 144), which has been largely introduced 


in England, and to a slight extent in this country. The 
“ Martin ” boiler has the advantage that, when using salt water, 
the tubes can be cleaned of scale by hand. The “ Field” boiler 
(Fig. 144) consists of a double cylindrical vertical shell with drop 
tubes from the crown sheet, these drop tubes usually having in- 
ternal circulating tubes. Boilers of this type have been built 
without internal tubes and have been found to work well for 
years. When the internal tubes are used, the rapid and clearly 
defined circulation keeps the tubes and the tube plates in which 
they are inserted perfectly free from scale. The drop tube with 
its internal cireulating tube isa very old invention by Jacob Per- 
kins, and is probably one of the greatest of labor-saving inventions. 
The drop-tube boiler has been used for steamers, locomotives and 


fire engines and for stationary purposes with very satisfactory 
results. Merryweather’s tire engines, which have obtained a world- 
wide celebrity, are fitted with drop-tube boilers. That the circula- 
tion keeps the tubes free from scale, is shown by th following 
fact: A “Field” tube was taken out of a tug-boat after eighteen 
months’ hard wear with very dirty water; the tug had been run 
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seventeen hours daily by one engineer, who, of course, had had 
very little time to take proper care of the boiler, and consequently 
a lot of sediment accumulated in the water legs, and the plates 
were injured. At this stage the tubes were examined to see if the 
circulation had kept them clean ; 
-- & saw cut was made two inches 
up throngh the center of one 
of the tubes, a piece was taken 
out by cutting across, and the 
tube was found to be practical- 
ly as clean as when it was put 
in. 

Boilers of this general form 
have been built with U_ tubes, 
instead of plain drop tubes, but 

, they have been found very un- 
satisfactory. 

The Babcock and Wilcox 
boiler has both a shell and water 
tubes, and is so largely used and 
so well known in this country 


that its description here is un- 
necessary. It is hoped that 
some of the gentlemen present 
will state their experience with 
them. 


Another form of boiler is 
made entirely of flat plates, 
stayed, and worked in sections 
(Fig. 145). 

Coming now to the boilers that 
are strictly water-tubes, we find 
that so far as steamships and _ 
locomotives are concerned they 
are conspicuous by their absence. 
attempts have been made 

to introduce water-tube boilers in steamships, and it is perhaps un- 

necessary even to mention the lamentable failures that have taken 
place in these attempts. Jobn Elder made a boiler of inclined tubes 
six inches diameter for a working pressure of five hundred pounds 
per square inch, and found that it required four or five times as 
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much heating surface per horse power as ordinary boilers. Rowan’s 
boilers on the Propontis were subjected toa patient and exhaustive 
test, and gave promise of success for a time, but the final result was 
that they were complete failures (Fig. 146). In the steamship JJon- 
tana water-tube boilers were tested on a very large scale (Fig. 147). 
Her boilers had seven hundred wrought-iron tubes, each fifteen feet 
long and fifteen inches diameter, set in hundreds of tons of bricks. 
This test cost the owners of the vessel about three hundred thou- 
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Fig. 146 


sand dollars, The enormous weight of these boilers and great space 
oceupied by them had much to do with their finally being removed 
from the vessel; and even had they been successful in other re- 
spects, tuis fault would probably have prevented their permanent 7 
use. The increase in the carrying capacity of the vessel consequent _ 
upon the removal of these boilers has no doubt paid for the alter- 
ations. It is true that previous to 1869 one hundred and twenty 
Belleville boilers had been fitted in ships of the French navy, and 
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that Belleville boilers have been fitted in French ships since, but I 
believe it is still the fact that not a single ship of the commer- 
cial marine is fitted with water-tube boilers. We have no ex- 
amples of them in any ships that reach this port. Water-tube 
boilers are used to some extent for stationary purposes, but there 
have been many failures even here, and in this field many of our 
engineers prefer the common horizontal tubular boiler, both on ac- 
count of its comparatively low first cost and satisfactory operation. 
The Howard boiler when first introduced was considered a very 
great improvement. It was believed to have had an excellent cir-— 
culation, and would, for that reason, clear itself of scale. One tube 
which had been in use two years was quite free from scale, using the 
same water that had scaled badly in a Lancashire boiler. But the 


_ hopes sofondly cherished were doomed to cruel disappointment, and 
the lives of many men were sacrificed in learning the defects of that — 


type of boiler. The Root, Harrison, and other boilers, have been — 


- - in the market for years and are still sold for stationary purposes. 
: 4 will be interesting to hear from gentlemen who have had expe- 
rience with them. 

In closing this paper, permit me to call attention to a serious 
defect in some water-tube boilers (Fig. 148). The steam and water 
from a large amount of heating surface is compelled to enter the 
drum through a comparatively small opening, the result being an 
excessive velocity and great agitation of the water level, which must 

seriously impair the efficiency of a boiler constructed on this plan. 

Notwithstanding all these failures and defects, the water-tube 
boiler seems to be the boiler of the future for high pressures. 
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DISCUSSION. 


Mr. C. Emery.—The paper states on its ninth page: “The 
Babcock and Wilcox boiler has both a shell and water tubes, and 

is so largely used and so well known in this country, that its de- - 

Seription here is unnecessary. It is hoped that some of the gen- 
tlemen present will state their experience with them.” As prob- 
ably I have under my charge the largest plant of these boilers — 
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which is concentrated at any one place, I have thought it might 
be proper to state our experience with them, and have it go on 
record in connection with this paper. I selected that boiler be- 
cause of its adaptability for our particular work. It was necessary 
to use a sectional boiler on account of the danger that would have 
arisen from massing a large number of shell boilers there. It 
then became necessary to select a boiler which had a proper 
arrangement of mechanical details to be reliable, and also one 
adapted for the size of the building. This firm uses long tubes, 
and as the lot was just seventy-five feet wide, it became possible 
to put in two rows of boilers facing a central fire-room. We have 
hardly had a single leak in the two or three years that they have 
been in use, and the few that did occur usually showed them- 
selves the first week after the boilers were started, and were due 
to the fact that a tube had not been sufficiently expanded, ox 
something of that kind. We have made no renewals of parts, 
except in one case when the water got low in one boiler, and that 
boiler took care of itself admirably. The steam from each boiler 
is conducted to the main pipes through a check valve. It was 
thought unsafe to make a free open connection from the boilers 
to the main pipes, as in case of accident, such as the rupture of a 
part of one boiler, the steam from all the boilers would blow out 
through the one. In the particular case referred to, the water 
_ got so low that the upper part of the tube head became hot and 
cracked. The escaping water caused another tube head to crack, 
~ and the water from the two came down and nearly put out the 
fire, blowing a portion of the fuel out on the fire-room floor. The 
check valve on that boiler closed automatically; the steam- 
damper on the whole section of boilers opened a trifle—it was 
| fepemsnhe to determine from the recording gauge that there had 
been any change of steam pressure, so, if there had not been a 
person in the building, the whole apparatus would have taken care 
of itself. These boilers were selected for their excellent mechanical 
details and general proportions. The economy of a boiler, as 
those who have studied the subject know, is regulated by the amount 
of coal burned per square foot of heating surface, providing the 
gases on one side and the water on the other are properly circu- 
lated over the heating surfaces. There are great variations in 
practice in regard to proportions. One firm, which sells a great 
many boilers of one of the shell types, makes what is called 
a free boiler, from the fact that it steams freely, but it burns a 
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large quantity of coal per square foot of heating surface. An- 
other boiler could readily be furnished which would do the work 
more economically, by putting in more heating surface in relation 
to quantity of coal consumed, but such a boiler would not be as 
free as the other; in other words, steam could not be raised in it 
as quickly, nor would it respond as quickly to changes of demand. 
The firm building these boilers, being composed of practical en- 
gineers, take an intermediate position; they do not attempt to 
make the most economical boiler possible, or to obtain the power 
with very limited heating surface. Their boilers, for the propor- 
tions they have selected, are much more economical, for instance, 
than boilers used in the West for soft coal; and, on the other 
hand, there are few, if any, of the ordinary tubular boilers used 
in the East which give any better economy; so that, on the 
average, their boilers are more economical, frequently much 
more so, than boilers of the ordinary type. I state these things 
freely, the gentlemen of that firm being members of our Society, 
whom we all know pleasantly and as good engineers, and it seems 
to be a proper subject of congratulation that they have made 
such a success of the mechanical part of their business. 

Mr. See.—I have a few remarks to make on this paper. A 
statement is made on its sixth page, speaking of the common ma- 
rine boiler: “It has the same features as the locomotive and re- 
turn tubular boiler, that it is impossible to get at the tubes to clean 
them thoroughly, and it has large flat stayed surfaces.” The state- 
ment may be true with regard to the impossibility of getting at 
the tubes of a boiler improperly designed, but in one of good de- 
sign the tubes can be readily got at to clean. Such a boiler, pro- 
vided with proper man-holes, can be got at from all quarters. As 
to stayed surfaces, I do not see that it matters much whether the 
surfaces are flat or circular if only the flat surfaces are well 
stayed. The paper speaks also of the limit of the pressure. Up 
to the present time the internally fired marine tubular boiler has 
met the advancing pressure. With the superior material we are 
now getting in the shape of steel, and with the complete appli- 
ances for drilling holes in place in the shell, we have been enabled 
to increase our pressures, and are to-day building boilers to carry 
with safety 160 pounds of steam. We do not think we are to stop 
at this pressure, and, consequently, I cannot see that the remarks 
with regard to the internally fired marine boiler having reached 
the limit of pressure hold good. 
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Mr. Towne.—As this paper is in some sense an historical one, 
T should be sorry to see it go on record without containing some 
allusion to one of our American engineers who was a pioneer in 
the direction of sectional boilers, although not the original explorer, 
because the boiler of Dr. Alban is probably the precursor of all 
sectional boilers, and a very full description of that boiler and its 
advantages which he published, if I remember correctly, in 1841, 

probably antedates anything else that we have. But Mr. Joseph — 
Harrison, Jr., of Philadelphia, is certainly entitled to credit for 
his large share in calling the attention of the engineering world to 
the importance and to the possibilities of safety sectional steam 
boilers. His effort was, as we all remember, to make a cast-iron 
boiler, and although the world has not accepted that as a com- 
mercial project which embodies advantages superior to those of a 
wrought-iron boiler, it still was a practical success. It is in use 
to a considerable extent to this date, the business continuing at 
present, I understand, in a quiet way, and the boiler accomplished 
what he set out todo. In mentioning it I can testify from per- 
sonal experience to one quality which it possesses, namely, that 

of constituting a safety boiler. In 1866 I was present at a test 

made by Mr. Harrison, in which the effort was made to blow up— 

one of his boilers. As a matter of precaution it was sunk in a_ 
bank of clay, removed from any buildings, with a good fire sur- 
face under it, and a heavy fire was kindled. The boiler was filled 
with water and hermetically sealed ; a pressure pipe was led from 
the boiler to a gauge at a considerable distance ; and the small 

party who witnessed the experiment stood there in a place of — 

_ safety. The pressure rose to several hundred pounds, but could 

not be got beyond a certain point. The yielding of the longitu-— 

dinal bolts which tied the cast-iron spheres together was sufficient : 

7 to open the joints. It would repeatedly reach that point, blow | 
a off, the joints close, and the pressure again begin to rise. The ex- 
. 7 act limit of pressure could, of course, be varied in construction by 
ss adopting various sizes of stay bolts. Thus the same result was 


The memory of Mr. Joseph Harrison should certainly be honor- 

ably preserved in connection with any discussion of this subject. 

Mr. Kent.—It is stated in the paper that it is hoped the dis- 

. cussion on it will lead to some useful result in advancing the art 
of boiler construction. I do not think that discussion is apt to 
lead to an advance in an art. It often brings up an ocean of past 
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experience ; but I do not think it often leads to an advance. The 
principal charges I have to make against this paper are two—first, 
too broad generalizations from the facts which it gives, and 
secondly, some misstatements of facts, or rather statements of 
things which are not facts. It is necessary to limit our generali- 
zations in publishing engineering data. The paper says on its 
second page : “ Mr. John Elder found that furnaces two feet wide, 
with water legs close to the fire, were quite as good for the com- 
bustion of the gases as wide furnaces.” Fortunately the paper 
does not make a generalization from that ; but it implies a gen- 
eralization, that because Mr. Elder found that fact it is always 
true. It is not true generally, and the generalization is too broad. 
It is further stated on the third page that “ very careful experi- 
ments made at Saarbrick proved that boilers with external sur- 
faces lose at least 25 per cent. by heat passing through the 
masonry.” We might as well generalize from Mr. Hoadley’s 
paper presented at this meeting, that boilers lose 2} per cent. by 
radiation through the masonry. But Mr. Hoadley only says that 
this particular boiler only lost 2} per cent., and other boilers 
under other circumstances lost 4 per cent. 

“Where the sooty grades of soft coal are used and the water is 
very muddy, riveted flues or large lap-welded tubes are preferred, 
as in our Western river-boats and manufactories.” Mr. Holloway 
said in yesterday’s discussion on riveted flues that this preference 
is due to the experience of many years, and that these engineers 
use and prefer what they have found to be best adapted to their 
needs. But I still hold, President Holloway to the contrary not- 
withstanding, that it is prejudice in favor of what is old that con- 
trols this matter, and it might have been stated in the paper that 
this is the reason why those two-flue boilers are used—simply 
because of prejudice in favor of what their grandfathers used 
before them. 

“But the fact remains,” the paper says, “that locomotive 
boilers do harder work and develop more power for their weight 
than any other type of boiler.” That is an absolute fact, of course, 
and the reason for it is that they have to. Of course there is no 
generalization here about that ; but some men might misunder- 
stand it and think that the locomotive boiler is the best for all 
positions, which it is not by any means. 

There is another generalization here about the “ Field” tube, 
on the eighth page, where it says that “ boilers of this type have 


been built without internal tubes and have been found to work well 
for years. When the internal tubes are used, the rapid and clearly 
defined circulation keeps the tubes and the tube plates in which 
they are inserted, perfectly free from scale.” There should be add- 
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- that a “ Field” tube, in far less than eighteen months, has been 
taken out and absolutely condemned because the tubes did not keep 
the boiler free from scale. No matter how fast the circulation is 
in any boiler whatever, that boiler will fill full of scale if you do not 
_ get some means of removing it from the boiler. 
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The boiler illustrated on the tenth and eleventh pages is not de- 
scribed except by one line. “ Another form of boiler is made en- 
tirely of flat plates, stayed, and worked in sections.” I would like 
to see anybody who has ever seen such a boiler. I do not believe 
it has ever been built, and I do not believe it ever will be. Another 
generalization is about the failures of water-tube boilers in steam- 
boats. Any one reading this would think that water-tube boilers 
have always been failures 
in steamboats. The gen- 
eralization is entirely in- 
correct; because water- 
tube boilers are now in 
successful use in steam 
vessels. It is not a fact 
that “not a single ship in 


the French commercial 
marine is fitted with water- ( 
Cc 


tube boilers.’ The Belle- 


. . | 
ville boilers are in success- eS 


ful use in vessels running / ®))) 
between France and Brazil. WS yy) ; 


There is another state- 
ment in the beginning of 
the paper that is probably 
true, but the reason why 


is not given: “ Although 
the attention of engineers 
was thus early directed to 
water-tube boilers, we find 
that nearly all boilers 
built since the invention 
of the steam-engine have 
been of the shell type.” That is likely true, and a good reason 
for it is that a cylindrical shell-shape is probably the best form 
to put a boiler in; the cylindrical shape being the best shape to 
resist pressure. I have placed on the blackboard an illustration 
called “the evolution of the steam boiler” (Fig. 224). Begin- 
ning with A, the plain cylindrical shell, B, C and D, show the 
stages of development leading to the water-tube boiler, , F and G, 
those leading to the common externally fired tubular boiler, and /, 
J and K, show the development of the internally fired boilers, the 
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Cornish, the Lancashire, and the modern marine. 
tion of B and G. 

The locomotive boiler was a special design of boiler built for a 
different purpose, viz., to go on wheels, and it therefore does not 
come in the regular order of evolution. On account of the inad- 
visability of putting a furnace under it, a fire-box was put in it. It 
is merely a tubular boiler like @, with a fire-box attached. 

The evolution of the boiler so far shows that safety lies in small 


. 
His a combina- 


diameters; high pressure is also secured by small diameters, and 
that this boiler, Y, will therefore likely be the coming type for 


SS 


to 
Fig. 242. 


marine purposes, replacing A, which has reached its limit in 16 
feet diameter and plates 14 inches thick. 

Mr. Durfee.—This matter of the evolution of the steam-boiler is 
of some interest historically, and I do not think my friend Kent 
has started with the original type. If we go no further backward 
in history than the time of the first commercial employment in 
England of steam as a medium of making heat do work, we find 
that the form of boiler used by Captain Savery was a hollow sphere 
of metal, as shown in Fig, 241. Next comes the type of boiler 
used by Newcomen, illustrated by Fig. 242. Some of these boilers 


were made entirely of copper, others had only those parts in con- 
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tact with the fire of that metal, the upper parts being made of lead, 
and in many cases boilers were constructed of several sections of 
vast iron united by bolts. About the year 1720 there was a boiler 


Fig. 221. 
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used in Cornwall engine 
that should not be forgotten. It was principally constructed 
of granite; large slabs of this material, held together by ex- 
ternal clamps and bolts, formed the bottom, sides and t¢ fa 
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rectangular box or tank, about twelve feet square and four feet 
high, through two opposite sides of which passed copper tubes or 
flues communicating with an external fire-box. There is reason to 
believe that there were several boilers of this construction in use in 
Cornwall in the early part of the last century. Soon after the for- 
mation of the firm of Boulton & Watt, they commenced the mannu- 
facture of a steam generator, which, trom the general resemblance 


of its outline to that of a covered wagon, was called the wagon 
boiler. Fig. 220 represents one of these boilers having all the latest 
improvements attached. It will be noted that it is provided with 
a self-acting “ feed,” an automatic regulator for the chimney damp- 


FIG. 232 


er, and a mechanical stoker, of which details are shown in Fig. 221. 
This last is of especial interest at this time, as an apparatus identical 
in form and operation has recently been brought forward as a new 
invention. It is not improbable that the ideas embraced in the 
construction of the granite boilers of Cornwall suggested the form 
of boiler—one of the first employed in the United States—which 
was used for generating the steam for the pumping engine at 
“ Centre Square Water Works, Philadelphia, from 1801 to 1815.” * 

This boiler is illustrated by Figs. 232, 233 and 234, Fig. 282 being 


a horizontal section taken just above the fire grates, and Figs. 233 


* I take great pleasure in acknowledging my indebtedness to tlie courtesy of 
Frederic Graff, Esq., President of the American Society of Civil Engineers, fer 
permission to reproduce the following engravings and their descriptive text from 
a very interesting and valuable paper (entitled ‘* The History of the Steam En- 
gine in America ”) contributed by him to ‘‘The Journal of the Franklin Insti- 
tute,” for October, 1876. I am also under obligation to Emanuel Hiltebrand, 
Esq., Librarian of the Franklin Institute, for highly appreciated assistance.— 
W.F.D 
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and 234 being vertical, longitudinal and transverse sections respect- 
ively. It will be seen that there is a flat combustion chamber back 
of the fire-box, whose top and bottom are “ stayed by short tubular 


FIG. 233 


Water Level 


‘astings forming water tubes, and from the back end of which an 


oval up-take smoke flue passes off—this oval smoke flue was carried 
by a bend and a return bend forward and beck below the water- 
line. The grate was 8 feet long x 5 feet wide = 15 square feet, 
while the heating surface was 
nearly 360 square feet.” The 
above quotation is credited by 


FIG. 234 


Mr. Graff to a “ Report of |) | 
I 
Benjamin Henry Latrobe to | , sateen 


the American Philosophical 
Society of Philadelphia, May 
20th, 1808.” After giving in 
detail some of the defects of 
this boiler, an1 describing the 
attempts to remedy them, he 
continues : “ I do not, however, 


believe that everything has yet 
been done which could be done 


to obviate these defects. A conical wooden boiler hooped would 
not be subject to some of them; such a one has been applied by 
Mr. Oliver Evans to his small steam-engine.* During the two years 


* Col. John Stevens, of Hoboken, constructed a boiler in the year 1804 whose 
upper part consisted of a truncated cone made of wooden staves held together by 
iron hoops.—W. F. D. 
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which have elapsed since the boilers of the public engines have | 
been erected, much has been done to improve them. Whether the 
last boiler will prove as perfect in its wood-work as in its furnaces 
and flues is still to be ascertained by experience. At eres 
nothing can work better. I will only mention one other circum- 
stance, the knowledge of which may prevent similar mischief. 
the first boiler erected in Philadelphia oak timber was used to sup- 
port the sides, bottom and top of the boilers, the plank of which 
was white pine, four inches thick. In less than a year it was discov- 
ered that the substance of the pine plank, to the depth of an inch, 
was entirely destroyed by the acid of the oak. Means were on’ 
used to prevent its further action by the intervention of putty and 


Fic. 235 
> 


pasteboard, and in most cases by substituting pine timbers in the 
room of those of oak.” * 
“ As might be expected (says Mr. Graff) great difficulty was ex- 
_ perienced in keeping these boilers steam-tight,+ accordingly, on 
December 1, 1801, a boiler with cast-iron shell, as well as_ flues, 
was put up, avd another one, also of cast iron, but of different 
fourm, was put in use March 10,1803. The first was erected in 
Centre Square. It had a semicircular top, the ends being flat ; 
the fire passed under the boiler around heaters of peculiar construc- 
tion and through one flue of serpentine plan to the front of the 
boiler. This boiler had two sheets of wrought iron upon the bot- 


> tom, just over the fire, all the rest being cast iron.” This boiler is 


* Tam informed by Mr. Frederic Graff that the evidence relative to the con- 
struction of this old boiler was ‘‘ instrumental in deciding a patent suit against 
1 Montgomery.” This fact is a good illustration of the value of researches em 
to ancient mechanism and méchanical methods.—W. F. D. 

+ The pressure of steam was but 2} lbs. per square inch. 
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illustrated by Figs, 235, 236 and 237. Fig. 235 is a horizontal sec- 
tion through the serpentine flue; Fig. 236 is a vertical longitudinal 
section, and Fig. 237 is a vertical transverse section. This boiler 
was about 15 feet in length, 9 feet in width, and 8 feet in height, 
exclusive of the heaters, . 


FIG. 236 


tr 


_ | 


The second of these cast-iron boilers is, according to Mr. Graff, 
thus described by Mr. Latrobe. “ The boiler has straight sides and 
semicircular ends; it is 17 feet long and 8 feet wide at the bot- 
tom, and 19 feet long and 10 feet wide at the height of 5 feet 7 
inches. At this height it is covered by a vault, which, in its trans- 
verse section, is semicirenlar,andinits = 

longitudinal section exhibits half its 

plan. The bottom is concave every 
way, rising one foot in the center. 
The fire-place is 6 feet long, and at an 
average of 4 feet wide, and is under 
one extreme end of the bottom. The 
tire-bed is arched parallel with the 
bottom, leaving a space of one foot 
high for the passage of the flame. At 
the end opposite the fire-place the 
flame descends along the bottom of 
the boiler, and, passing under an arch 
of fire-bricks, which protects the flank 
of the bottom, strikes the side of the boiler at its extreme end. 
Here it enters a flat elliptical flue, which, passing into the boiler, 
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follows its form, returning again and coming out near the place at 

which it entered. The entering part of the flue is separated from 

the returning flue by a partition of fire-bricks. The flue, on coming 

out of the boiler turns short round, and is carried round the whole 

boiler unti] it enters the chimney.” Fig. 238 shows a horizontal 


FIG. 238 


section of the boiler taken through the flue. Fig. 239 is a vertical 
longitudinal section taken through the center of the boiler; and 
Fig. 240 is a vertical transverse section of the boiler taken at the 


middle of its length. "> - 
_ FIG. 239 a 


< 


Mr. Graff states that the three boilers just described “ remained 
in use at Chestnut Street, Schuylkill, and at Centre Square, until 
the steam pumping works were started at Fairmount in 1815.” 
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In regard to the Harrison boiler, one which I put — was, I 
think, the second Harrison boiler which was erected in the United 
States, and I believe that the first 
was put up in William Sellers & 


FIG. 240 


Co.’s works. I will ask Mr. Ban- 
croft if that boiler is still in use. 
Mr. Bancroft.—We have one 
. . ry 
running in the same place. The 


original Harrison boiler was taken 
out after about six years’ use, 
that is, new units were substituted 
for the old ones. The first boiler 
Was put in about 1860. 

Mr. Durfee.—lt is well known 
to all of us who have had experi- 


ence in blast-furnace management 
that it is usual to generate the 


steam in long cylinder boilers not enly in this country, but in 
Europe also, and that there has been a great deal of ingenuity as 
well as money expended in devising methods of supporting these 
boilers so as to equalize the strain upon them. On taking charge 
of a Western Works some years ago I found a number of boilers 
64 feet long and 42 inches in diameter, supported, or intended 
to be supported, by five cast-iron arched ribs, R, R, R, R, R 
(Fig. 218), spanning each boiler. There was no arrangement of 


R 


R R 
A. 


FIG. 219 
springs or balance levers to relieve or equalize the strain upon 
the boilers, whose ends rose and fell with the temperature of the 
gas that was burning beneath them. After I had observed this 
disagreeable fact for some few weeks, during which preparations 
were being made to remedy the difficulty, one of these boilers 
burst. It was probably one of the most fortunate accidents of the 
kind that ever occurred. The second seam in the head tore through 
the rivet holes for about one-third of its circumference at A, and the 
whole mass of water was emptied into the fire-box without further 
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damage. I was convinced before this accident, and its occurrence 
emphasized my conviction, that it was necessary to do something to 
relieve the strain on those boilers. I therefore cut each boiler in 
two at its middle and puta head in the adjacent ends of the two 
parts, leaving a space of four inches between the heads, and covered 
the top of this space with a curved plate, and connected the steam 
spaces of the tandem boilers with a copper tube, T (Fig. 219), 
curved vertically, and the water space with another copper tube, C, 
curved horizontally. Each of these half boilers was then supported 
by two yokes, Y, Y, and the boilers were fed as a single boiler with 
water. That wasthe system carried out with all the blast-furnace 
boilers at that Works, and it has since been adopted at several 
other furnaces in that vicinity. 

This arrangement is believed to accomplish, with a much smaller 
expenditure, all that any elaborate system of spring or lever suspen- 
sion can do. 

Mr. Albert Emery.—tIn regard to the Harrison boiler, in 1565 I 
put in a Harrison boiler which I used at 180 pounds to a square inch. 
The boiler was tested for 600 pounds to the square inch. If I had 
carried it to 600,I suppose the stretch of the rods would have 
allowed the joints to open and the boiler to blow off. 

Mr. Bancroft.—I may say that the Harrison boiler put in Will- 
iam Sellers & Co.’s shops was subjected to very severe service. 
We frequently carried the steam to as high a point as 160 pounds 
on it for a short time, then falling again to the ordinary working 
pressure ; this ordinary high pressure being sometimes raised in 
the course of fifteen or twenty minutes. The boiler which we 
have had has been subjected to that kind of treatment ever 
since we put it in. We carry high steam pressure on it for 
sometimes two or three hours, and sometimes for only half an 
hour. The boiler was tested with hydraulic pressure, the last one 
put in going up to 600 pounds without showing any leak. 

Mr. C. E. Emery.—Since, as Mr. Towne has remarked, this may 
be considered an historical paper, I wish to add my tribute of respect 
to the work done by Mr. Harrison. One of the early Harrison 
boilers was used in the experiments of the Government at the Nov- 
elty Iron Works during the war and operated very admirably. 
With respect to the safety feature spoken of, I did not know that 
the opening of the joints would take place at a pressure as low as 
150 pounds. 

Mr. Towne.— Will you pardon me a moment’s interruption just to 
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clear that up? The point of pressure at which opening of the joints 
will occur, could be fixed at any desired limit by proportioning the 
diameter of the bolts to that pressure. In this particular case the 
bolts were probably of small diameter. 

Mr. E-mery.—I was temporarily somewhat startled one day, when 
the boiler had been lying with steam up under banked fires for 
some time, as the water was running out of the ash-pit over the 
floor. Upon quickening the fires for a little while the leak 
stopped. The strain on the rods and sections had evidently been 
adjusted to a practically uniform temperature in all parts of the 
boiler, and the water had Jain still long enough to permit the water 
in the lower sections to become comparatively cold, so that the 
contraction opened the joints. There are some interesting features 
in connection with this boiler, independent of the fact that it was 
a pretty good boiler. Mr. Harrison was one of the first to con- 
struct special machinery for the duplication of parts in the steam- 
engine line. Several globes were cast together, with outlets at top 
and bottom of each, provided with finished rabbet joints. His 
machinery was so accurate, that whole slabs of these globes could 
be put together and made steam-tight by metallic contact, without 
the use of putty or any other substance. 

I see with us here a gentleman who has very much to do with 
sectional boilers, to whom some tribute of respect should be paid 
for his success in that direction. I think Mr. Babcock, who has 
been so successful with his boiler, will be very happy to accord to 
Mr. Root the honor of having successfully developed a sectional 
boiler a little in advance of his own. There was some trouble 
with the joints of the original Root boiler, which I think has been 
overcome of late years. It must be acknowledged that many of 
Mr. Root’s ideas are still considered necessary to the success of all 
forms of sectional boilers. 

I recently had some very interesting experience in relation to 
the subject of marine boilers. I found in two small launches of 
the Revenue Marine Service, which had been running ten or 
twelve years, peculiar boilers which may be called modified Dick- 
erson boilers. It will be recollected by many that, in the late years 
of the war, Mr. Dickerson, a patent lawyer, criticised very em- 
phatically the steam-engineering of the Naval Department. His 
discussions show that he supposed the whole science of engineer- 
ing depended upon Mariotte’s law. In connection with Mr. 
Sickles, the inventor of Sickles “ cut-off,” 


he designed some ma- 


96 SHELL AND WATER-TUBE BOILERS. 


chinery, which through the influence of friends was placed in 
naval vessels. Among other things, they invented a boiler with 
water tubes, somewhat inclined from the horizontal, located in the 
upper part of a large furnace inclosed with water walls. The gases 
passed upward between the inclined tubes, and then through super- 
heating tubes in the steam space, as in an ordinary vertical tubular 
boiler. Some practical man left out the superheating tubes and 
made a practical boiler of it. I recollect that a number of portable 
engines made in New York had this type of boiler, the engine 
being attached to the side of the boiler. The apparatus was very 
powerful for its size. The boilers were known as “ Little Giant ” 
boilers, and one of these had been applied in each of the two 
launches mentioned. The condition of these boilers after some 
twelve years’ use shows that at last we have found a really practi- 
eal boiler for small yachts and launches. I have recently renewed 
one boiler on this plan, and put in another to replace a vertical 
boiler. 

Mr. Stratton. —As this is to be something of an historical paper, 
I would like to pay proper tribute to the intelligence of the gen- 
tleman who made a success of this boiler, originally invented by 
Mr. Dickerson. A large number of them were made, and I saw a 
great many of them tested. Mr. Myers Coryell subsequently cut 
out the superheating tubes, and then called them the Little Giant, 
and made a success where they had previously been a failure. 
Following the lead of Mr. Towne, in referring to Mr. Harrison, I 
make this contribution to the skill of Mr. Myers Coryell. 

Mr. Babcock.—I wish to discuss this paper a little as well as the 
question raised in it, why water-tube boilers are not more in use ? 
One statement in this paper, I think, conveys a wrong impression. 
It is when speaking of cylindrical boilers: “This great length in- 
troduces a difficulty due to the unequal expansion of the top and 
bottom, which has been partially overcome by the use of springs 


for bearings.” I do not think that springs for bearings overcome 
the difficulty at all. I have seen such boilers sixty feet long. 
Their average length is thirty feet, and they are usually supported 
in two places, sometimes in three or five. Where they have been 
supported in three places, I have seen them lift two inches at the 
ends, because of extra expansion of the lower portion. If cold 
water be pumped into them when the boiler is warm, they will 
take the other form and lift some distance in the center. Now, 
while spring bearings might equalize the strain upon the points of 
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support, they do not avoid the difticulty of the pulling stress and 
serious strains upon portions of the boiler. If the bottom of the 
boiler is hot and the top is cold, it forms a bow, and there is a line 
through the center which is very badly strained. The same occurs 
the other way under the opposite conditions, and the result is that 
these boilers by that continual strain become very seriously weak- 
ened along the central line, and therefore they are probably one of 
the most dangerous styles of boilers in existence. 

There is another little point, in which the paper does not 
agree with itself. Of the internally fired shell boilers, it says 
on the fifth page: “This has been remedied in very many cases 
by the insertion of a number of drop tubes or cross tubes in the 
flues, which serve the double purpose of taking the heat out 
of the gas and also breaking up the currents, the result be- 
ing a material saving of coal. The expense of thus inserting tubes 
in Cornish and Lancashire boilers has frequently been paid for 
in three months, by the saving of coal; the economy of coal being 
in some cases as much as two tons per week for one boiler; and 
after running two years, no diminution has taken place in their 
efficiency.” Here is a wonderful statement in favor of water tubes. 
By merely putting some water tubes into a boiler an enormous 
saving is effected. But on page 12 it is stated that “John Elder 
made a boiler of inclined tubes 6” in diameter for a working press- 
ure of 500 Ibs. per square inch, and found that it required four or 
five times as much heating surface per horse-power as ordinary 
hoilers,” leaving it to be inferred that it required necessarily more 
fuel. Why is it that water tubes are more efficient in one case than 
the other 

As I understand the definition of a water-tube boiler, it is a boiler — 
in which water is confined within tubes, while heat is applied to 
their exterior. In that broad sense, a plain cylinder boiler might ; 
be classed as a water-tube boiler, if you could call so large a cylin- 
der a tube; and, in fact, a number of such cylinders have been con- 
nected and styled a water-tube boiler. But any steam generator, — 
if it be made up in whole or in part of water tubes, is a water-tube 
boiler whether it has a shell or whether it has not. Possibly the 
author of the paper has somewhat confounded the terms “ water 
tube” and “sectional,” which may refer to quite different things. 
A sectional boiler may be without water tubes, while a water-tube 
boiler may or may not bea sectional boiler, Mr. Kent has already — 
spoken in regard to the statements of the author concerning com- 
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bustion in furnaces, that “ John Elder found that furnaces two feet 
wide with water legs close to the fire were quite as good for the 
combustion of the gases as wide furnaces.” This does not agree 
with modern practice. On the Government railways of, Hungary 
many of the locomotives have had the water Jegs cut off and brick 
furnaces substituted with reported saving in fuel as well as equal or 
greater capacity in the locomotive; that is, the reduced surface has 
done more work with better economy, the fuel being burnt in a brick 
furnace, than when it was burnt in water legs. The same is true 
with marine boilers. The boilers of the steamship ZLou7siana have 
been fitted with furnaces of fire-brick, in place of the water legs 
formerly used, with a remarkable saving in fuel due to the supe- 
rior combustion in such furnaces, without any decrease in capacity. 

The author further states: “ Very careful experiment made at 
Saarbriick proved that the boilers with the external furnaces lose 
at least 25 per cent. by heat passing through the masonry.” This 
is a broad statement without qualification. I can speak more par- 
ticularly respecting those boilers which I happen to know something 
about, and I have herea record of 20 tests of boilers set in brick, 
made at different times in various places by a great number of 
engineers. Some of these tests were made in Scotland, some in 
England, and some in different parts of this country, from Maine to 
California, A large share of them were made by the engineers of 
the works in which the boilers were placed, in their regular work 
for their own satisfaction, the length of the tests varying from 4 


hours to 12 days, but averaging 36 hours to each test. During 
those 20 tests over 3,000 tons of water was evaporated, a great vari- 
ety of kinds and qualities of coals were used, and all the tests, tak- 
ing the total amount of water evaporated and the total coal burnt, 
gives an average evaporation of 11.292 lbs. of water, per pound of 
combustible. That is 75 per cent. at least of the value of the com- 
bustible burnt. Now we know that probably not less than 20 per 
cent. of the heat went up the chimney, and if 25 per cent. was lost 
in radiation, as stated by our author, there must have been at least 
120 per cent. in the coal to begin with! The fact is that in well-set 
boilers not over 5 per cent. is lost in radiation. 

Another statement made by the author of this paper is: “It will 
be noticed that the shell boilers which have been most extensively 
employed are all so constructed as to render it impossible to clean 
them by hand. This would seem to indicate conclusively that it is 
not necessary to the continuous and successful use of boilers, that 
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we go inside with scaling hammers.” That is a generalization which 
will not be borne out by the facts. The reason why we find so many 
cylinder and two-flue boilers used in the West, where they have 
bad water, is, because it is absolutely necessary to have boilers that 
you can get into and clean, That is why comparatively so few 
tubular boilers are in use in the West; they soon fill up with scale 
and become worthless. A case in point may be quoted. A firm in 
New England who had been using a certain form of tubular boiler 
with great success for years in their own factory, having an interest 
in a factory in Indianapolis, sent out two of those boilers to be used 
there, because they were supposed to be much better than anything 
in use in Indianapolis. At the end of two weeks the first boiler 
was taken out; at the end of three weeks the second boiler caine 
out; and they were never put up again. It was impossible to use 
them in water that scaled so badly. That same criticism 
will apply to the remarks in regard to the Field tubes or 
other forms of boilers keeping clean from circulation alone. 
It is absolutely impossible to have a sufficient circulation in a 
boiler to keep it always clean. That in some waters a rapid circula- 
tion does help to keep a boiler clean and does prevent scale in a meas- 
ure is true; but in some waters it is utterly impossible to keep the 
boiler clean by any such means. The boiler which has the best circu- 
lation will scale up in some waters and require to be cleaned ; in such 
waters the Field tubes do fill up and they fill up very badly. I 
presume there are members present who have had some experience 
with a boiler which was quite popular at one time, called the Wie- 
gand boiler, which was made of Field tubes, as they are commonly 
called, but which, as suggested, are properly termed Perkins’ tubes, 
Jacob Perkins having patented them in 1832. Those boilers in 
bad water were continually giving out in the tubes, and were quite 
useless in certain waters where scale would form in the tubes in 
spite of circulation. That this tug-boat spoken of ran for 18 
months with dirty water and kept clean in the tubes is quite prob- 
able. Dirty water and water which causes scale are not necessarily 
the same thing. A good circulation will keep a tube clean in muddy 
water. Where mud is allowed to settle and bake it will form a 
hard scale, but it will form no scale in boilers which have a proper 
circulation, and a depositing point, with blow-off. 

In regard to the failure of water-tube boilers on shipboard, 
under the circumstances it is not to be wondered at. The 
boilers of the steamship Montana, and her sister ship Dakota, 
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were failures, but any engineer should have known by looking 
at the drawing of those boilers that they would not last. And, 
in fact, they were condemned by the Board of Trade before 
they were fired, and the cause of their failure pointed out. 
There were several reasons why they should fail. The tubes, 
15 inches in diameter and 15 feet long, were connected rigidly 
at their ends, and placed nearly horizontally, having a rise of only 
lin 20. No provisions were made for differences of expansion. 
None whatever for circulation. No equalizing pipe connected the 
steam ends of the several sections, while they were fed from a 
common water pipe, and therefore some parts were liable to become 
empty while others were full of water. About one-fourth the 
tubes, in the hottest part, were cut off from the rest and used for 
water heaters, with no adequate provision fur the escape of steam. 
Under these circumstances it is not strange that the boiler gave out 
from unequal expansion in the trial trip. They were repaired, and 
gave out again. Some changes were made, and the ship started 
for a six days’ trial at sea, but as three tubes gave out in as many 
days, all from the same cause, the boilers were condemned and 
others substituted. Those made for the Dakota were never fired. 

The boilers of the Propontis were different, but had some of 
the same defects. A 21-inch cylinder over the fire had no ade- 
quate means of securing a constant supply of water to the highly 
heated surface. Nevertheless they ran for a year or two, with a 
greatly increased economy over the marine fire-tube boilers they 
displaced, finally giving out in those 21-inch drums from over- 
heating. 

Away back in the early years, during the evolution of economy 
in Marine engineering, the elder Rowan did wonderful things. Ile 
made triple expansion engines ; using two such engines, or six cylin- 
ders in each ship. He put in very peculiarly constructed and not very 
well designed water-tube boilers with mechanical circulation. With 
high-pressure steam, large rates of expansion, and surface con- 
densation which was quite new at that time, he sueceeded in run- 
ning a ship for less than half the coal that any one else could do at 
that time. One of his ships, the Zhetis, tested by J. W. Macquorn 
Rankine, developed a horse-power on 1.04 lbs, coal per hour. He 
had his shop full of work, and built the machinery for many ships, 
every one of which is said to have fulfilled his guarantee of a horse- 
power for one and one-half pounds of coal. But they all came out 
of the ships afterward, not so much on account of the boilers as on 
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account of the general bill of repairs—the engines and the boilers 
together—and the surface condensers and the numberless pumps 
and other fixtures with which he produced his circulation, It was 
ainess of machinery which required a vessel nearly every time she 
came back to port to lay over a voyage for repairs. 

As to water-tube boilers afloat, the Belleville boilers in the 
French Navy are notable examples. Mr. Emery has spoken of 
a boiler which was known as the Little Giant, patented by Farron, 
as an improvement on the Dickerson boiler in the A/gonguin, 
The “ Dickerson” boiler, by the way, was but a copy of a boiler 
made by my partner, Mr. S. Wilcox, some ten or more years be- 
fore, merely adding the superheating tubes which, Mr. Emery says, 
when left off made it a good boiler. As far as I am aware, the 
boiler is in use to-day which my partner had made at that time, 
near thirty years ago, by the same boiler-makers and in the same 
shop where the Dickerson boiler was subsequently buiit. A ves- 
sel in the United States Government service belonging to the 
Quartermaster’s Department, called the Monroe, had a water-tube 
boiler built by Babcock & Wilcox some eight years ago, which 
proved a very successful boiler. 

Why are not water-tube boilers in more general use? is asked, 
Because they require a high class of engineering to make them 
successful. The plain cylinder is an easy thing to make. It 
requires little skill to rivet sheets into a cylinder, build a fire under 
it and eall it a boiler; and because it is easy and any one can make 
such a boiler—because it requires no special engineering—they have 
been made, and are still made, to a very large extent. The water- 
tube boiler, on the other hand, requires much more skill in order 
to make it successful. This is proven by the great number of 
failures in attempts to make water-tube boilers, some of which 
are referred to in the paper under discussion. Water-tube boilers 
are not new. From the earliest days of the steam-engine, there 
have been those who recognized their advantages. 

The first water-tube boiler recorded was made by a contempo- 
rary of Watt, William Blakey, in 1766. He arranged several tubes 
in a furnace, alternately inclined at opposite angles, and connected 
at their contiguous ends by smaller pipes. But the first successful 
user of such boilers was James Rumsay, an American inventor, 
celebrated for his early experiments in steam navigation. In 1788 
he patented in England several forms of boilers, among them, one 


having a fire-box with flat water-sides and top, across which were 
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horizontal water tubes connecting with the water spaces. Another 
was a coiled tube within a cylindrical fire-box, connecting at its 
two ends with the annular surrounding water space. Another 
form in the same patent was the vertical tubular boiler, as at pres- 
ent made. The first boiler made of a combination of small tubes, 
connected at one end to a reservoir, was the invention of another 
American, John Cox Stevens, 1805—illustrated in the paper under 
discussion. About the same time, Wolf, the inventor of compound 
engines, made a boiler of large horizontal tubes, laid across the 
furnace and connected at the ends to a longitudinal drum above. 
The first purely sectional water-tube boiler was made by Julius 
Griffith in 1821, who used a number of horizontal water tubes 
connected to vertical side pipes, which were in turn connected to 
horizontal gathering pipes, and these to a steam drum. The first 
sectional water-tube boiler, with a well-detined circulation, was 
made by Joseph Eve in 1825. His sections were composed of 
small tubes slightly double curved, but practically vertical, fixed in 
horizontal headers, which were in turn connected to steam space 
above and water space below formed of larger pipes, and connected 
by outside pipes so as to secure a circulation of the water up 
through the sections and down the external pipes. The same year 
~ John M’Curdy made a “Duplex Steam Generator,” of “ tubes of 
wrought or cast iron or other material,’ arranged in several hori- 
zontal rows, connected together alternately front and rear by re- 
turn bends. In 1826, Goldsworthy Gurney made a number of 
boilers which he used on his steam carriages, consisting of a series 
of small tubes bent into the shape of a U laid edgewise, which con- 
nected top and bottom with large horizontal pipes. These latter 
were united by vertical pipes to permit of circulation, and also con- 
nected to a vertical cylinder forming the steam and water reser- 
voirs. In 1828, Paul Steenstrup made the first shell boiler with 
vertical water tubes in the large flues, similar to what is known as 
the “ Martin,” and suggesting the “ Galloway.” 

The first water-tube boiler having fire tubes within water tubes, 
was made in 1830, by Summers & Ogle. Horizontal connections 
at top and bottom, had a series of vertical water tubes connecting 
them, through which were fire tubes extending through the hori- 
zontal connections, with nuts upon them to bind the parts together 

and make the joints, suggesting some recent patents. 

The first person, so far as I am aware, to use inclined water 
tubes connecting water spaces front and rear with a steam space 
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above, was Stephen Wilcox in 1856, above referred to, and the 
first to make such inclined tubes into « sectional form was one 
Twibill in 1865. He used wrought-iron tubes connected front and 
rear by intermediate connections with stand pipes, which carried 
the steam to a horizontal cross drum at the top, the entrained 
water being carried back to the rear. 

Time would fail to tell of Clark, and Perkins, and Moore, and 
McDowell, and Alban, and Craddock, and the host of others who 
have tried to make water-tube boilers, and have not made practical 
successes, because of the difficulties of the problem, 

When we went into the business twenty years ago there was only 
one water-tube boiler which was made to any extent, and that was 
the Dimpfel boiler made in the vicinity of Philadelphia. It hada 
drum above, with tubes starting horizontally from a rear water leg 
and turning up into the drum. A number of those were made 
about that time. I think some of you will remember them. Some 
of them are in use to-day. At that time the Harrison boiler was— 
in practical operation and was a success. I do not call the Harrison 
boiler a water-tube boiler; it is a series of globes. To Mr. Harrison _ 
is unquestionably due the credit of having brought the idea of a = 
safety boiler into prominence before the world. There was no 
other sectional boiler in the market. Mr. Root came in a year 
after us, not, as Mr. Emery says, before. 

Since then many water-tube boilers have been put upon the 
market, and after a brief existence have disappeared. I have made 
a list from memory, some of which promised well, but are now 
among the things that are past. No attempt is made to give them — 
in the order of dates, but as they came to memory: Griffith & 
Wundrum, Dinsmore, Miller “ Fire Box,” Miller Inclined Tube, _ 
Miller “ American ” (vertical conical tube), Phleger, Wiegand, the_ 
Lady-Verner, the Allen, the Kelly, the Anderson, the Rogers & 
Black, the Eclipse or Kilgore, the Howard, the Moore, the Baker. 
& Smith, the Renshaw, the Shackleton, the Duplex or Pond and 
Bradford, the Whittingham, the Bee, the Reynolds, the Suplee or 
Luder, the Babbit, the Reed, the Smith, the Standard. There are ; 
twenty-seven, which were all I could remember when I sat down — 7 
to write this list, but I think it could be largely extended. You can 
see that many engineers have taken hold of the problem, which it 
is evident is not an easy problem to solve. 

There is, however, a water-tube boiler which has come into very 

d extensive use in the old country and into considerable use in this, 
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That is the Galloway boiler. It consists of a series of water tubes 
placed in the flues of a Lancashire boiler, and the water tubes are 
what give it its superiority. I think it is the best large shell boiler 
that is made to-day without any question, and the safest. The cir- 
culation of the water throngh the water tubes keeps all parts at 
comparatively even temperature, avoiding the strains of unequal 
expansion which are incident to the class of large shell boilers. 

What advantages has the water-tube boiler that should cause it 
to come into use? Why should not the sheli boiler, with or with- 
out fire tubes, remain, as it has been, the principal boiler? 1st. 
They admit of the use of very thin metal with ample strength, and 
those thin surfaces may be exposed to the hottest gases with com- 
parative impunity from burning and overheating, with the conse- 
quent strains and deterioration, and therefore the boiler is etter 
and safer. A greater strength can also be secured in a water-tube 
boiler, that is, proportional strength. Of course, a water-tube boiler 
with a large shell like the Galloway boiler has no more strength 
than any other boiler with the same sized shell ; but the water-tube 
boiler admits of being constructed with greater strength than a 
shell boiler, 2d. A better circulation of water can be obtained in 
the water-tube boiler than in any other. The best possible circula- 
tion is when there is a rapid flow of all the water within the boiler 
in one circuit continuously. <A variety of circuits interfere with 
each other and destroy the circulation. That cirenlation which is 
possible only in a water-tube boiler is an important element of 
safety, economy and durability. It keeps all parts at an even tem- 
perature, delays deposits, and sweeps away the steam as fast as 
formed. 3d. A water-tube boiler can be made sectional, a point of 
great importance for safety. Dr. Alban is credited with being the 
first to enunciate the truth that “a steam generator should be so 
made that the giving out of any portion should not cause a disas- 
trous explosion.” As I said before, a sectional boiler may not be a 
water-tube boiler, but a water-tube boiler may be a sectional boiler, 
and for that reason a water-tube boiler is better than a shell boiler, 
because it can be made sectional and therefore safer. 

When I was at John Elder’s yard, in Glasgow, last summer, Isaw 
an acre, more or Jess, of ground covered with boilers for the two 
ships the Umbria and the Etruria. They were 16 feet in diameter, 
made of 1} steel plates, calculated to carry 120 pounds working 
pressure per square inch. It was fearful to contemplate such an 
array of enormous vessels under such a pressure shut up in a steam- 
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ship where an explosion would inevitably cause great loss of 
life. 

4th. A water-tube boiler possesses the possibility of a longer life 
if it is properly made. You burn a sheet of a shell boiler and put 
on a patch or a new sheet, and you have a boiler which has been 
deteriorated largely by the strain due to that overheating. You are 
always distrustful of that boiler, and can never consider it as reli- 
able as if it had not been overheated. On the other hand, you may 
take a water-tube boiler properly constructed and overlieat it to any 
extent you please; replace the overheated parts, and the boiler is 
just as good as it was when it was new. The life of such « boiler 
may be indefinitely prolonged by simply replacing worn-out or 
burnt-out parts. As I said before, we have been making water- 
tube boilers for twenty years. Our earlier experiments were im- 
perfect, and we do not pretend to say that we succeeded in making 
an absolutely perfect job, by a long way, when we commenced. I 
do not know that we have an absolutely perfect job yet. But what 
I was going to say was that in all that twenty years I have never 
known one of those boilers to wear out. Some have come out of 
use because of failure of firms and their going out of business and 
a few things of that kind, but I have never known one of our 
water-tube boilers to be discarded because it was worn out. The 
first boiler we made of approximately the present form in 1869, is 
still in use and good to-day. Sth, Another element of value in a 
water-tube boiler of the sectional form is ease of transportation ; it 
can be taken apart and shipped in small pieces; it can be carried 
ona mule’s back, if necessary, over the mountains; it can be taken 
in through a window ; it is not necessary to tear the side of a 
house down to get it into its place or out. For ship use that is of 
great importance, for it may be put down the smoke-pipe hatch in 
pieces and put together in place, and it may be taken up a piece at 
a time and repaired, thus saving the expense now necessary in cut- 
ting up the decks and cabins of a vessel in order to get the boiler 
out. 6th. Another element of value possessed by the water-tube 
boiler over the ordinary flue or tubular boiler is greater efticiency 
of surface. The gases can be made to cross the surfaces and im- 
pinge thereon, whereby a given surface is found to be of more value 
than when the gases glide along parallel thereto. 7th. The water- 
tube boiler is also capable of perfect cleaning. Weare told by Mr. 
Stirling that most of the boilers in use to-day cannot be cleaned at 
all,and that, therefore, it is not necessary to clean them, But, a 
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said before, it is very important, and the fact that a water-tube 
boiler can be cleaned from the very worst scale is a very great ad- 
vantage in favor of that construction. 


What are the difficulties with the water-tube boiler? Well, 
one difficulty is to know how to make them! As _ stated above, 
there have been many attempts and many failures. A prominent 


difficulty is to so connect the parts that unequal expansion shall not 
tear the boiler to pieces nor produce leaks. Bolted and packed 
joints have been the rock on which many have foundered. Want 
of proper circulation of the water has also caused many failures, as 
in the Montana, Another cause of failure has been too small 
internal capacity per horse-power. The worst case I remember was 
a boiler made by Babbitt, in which he used §” tubes and tried to get 
a boiler strong enough to drive a good sized boat and small enough 
to be packed in an ordinary dry goods box. We hear a good deal 
said by old engineers about the steam space—that a large steam- 
space is required to allow for fluctuations. But when you consider 
the smal! weight of a cubic foot of steam you wili see that the steam 
space bears a much less important place in the boiler than is gener- 
ally accorded to it. For instance, with an engine working 100 
horse-power with 80 lbs. steam, it would require 2,700 cubic feet of 
steam space, in order that the pressure should not drop more than 
10 Ibs. in one minute, if no steam was generated for that minute. 
The ordinary amount of steam space is, therefore, a very small 
factor indeed in making up for fluctuations. The most important 
function of the steam space is to insure that the escaping steam 
shall not take up the water. Steam flowing out through a pipe 
will pick the water up in large quantities, unless the surface of the 
water be two or more diameters below the end of the pipe, depend- 
ing somewhat on the velocity of the flow. The surface of the water 
_ must be far enough away from the exit pipe to prevent such an 
= and there should be snfticient surface to insure that the water 
-earried up by ebullition has time to separate from the steam, and — 
that is all the steam space that is necessary. A large water surface — 
is also important to avoid rapid fluctuations in water level. Cubic. 


feet of water capacity is a more important element in providing for 
fluctuations in supply and demand. In the case above supposed, | 
108 eubie fect of water space would be the equivalent of 2,700 of 
steam space, that is, the steam generated from that water by a reduc- 
tion of pressure from 80 to 70 pounds would keep a 100 horse- 
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imate estimate can be form- 
ed of the amount of steam 
and water room required in 
a boiler. 

The point spoken of by 
Mr. Towne—the stretching 
of bolts as an element of 
safety—used to be a favor- 
ite idea with Mr. Harrison, 
and also with most of us 
in those early days of sec- 
tional boilers. We thought 
it quite an essential thing, 
and we made our boilers 
in sections bolted together 
with long bolts, so that 
under high pressures the 
bolts would stretch and 
allow the pressure to blow 
off. But we found that 
they would stretch when 
we did not want them to, 
and if there was any dirt in 
the water it would get be- 
tween the surfaces and pre- 
vent the joints closing 
again, so that there would 
be a permanent leak, and 
that matter of long bolts 


has entirely gone by. I 


do not know of any boil-, 


ers being made with them 
now expect a few Harri- 
sons, 

Mr. Durfee. — As we 
have gone pretty exhaust- 
ively into the history of 
boiler construction, and the 
Galloway tube has been 
mentioned, I think it may 
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be of interest to the members present to know the origin of that 
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idea of putting a water tube across a flue. It originated at the 
time when probably the first steam boiler ever made in this world 
was constructed. Ido not know when the first steam boiler was 
constructed, but the first steam boiler that I have found any record 
of was made at least 200 years before the year one of our era. 
Its construction is shown in Figs. 216 and 217. The first figure 
is copied from the first Latin translation® of the Pneumatics of 
Hero of Alexandria, It represents a perspective elevation of the 
boiler and its appendages, and shows its internal construction by 
dotted lines. The second figure (Fig. 217) I have drawn myself 
to facilitate explanation ; it shows a horizontal section of Fig. 216 
taken just below its top. 

The apparatus consists of a vertical cylindrical shell, whose ends 
are closed by heads, through the center of which passes a vertical 
eylindrical flue, D, whose upper end is provided with grates for 
the support of the fire, Z, the hot gases from which passed down- 
ward through the flue. The space between the flue and shell is 
divided by diaphragms into three unequal compartments, A, B, C, 
in the first of which steam is generated, the others being simply 
reservoirs of hot water. The central flue, D, is crossed by three 
cylindrical tubes, H, F, E, the tubes H, F, connecting the hot- 
water spaces B, C,act in the same way as the Galloway tubes 
now in common use, but the bottom tube is closed at the end, E, 
its opposite end opening into the smallest or steam compartment, 
A. The compartment B is provided with a funnel, 8, whose tube 
extends nearly to the bottom of the boiler; and also with a safety 
tube, V, whose curved upper end is immediately above the funnel, 
S. The compartment C has a cock, N, from which the hot water 
is drawn. The compartment A has within it a three-way-cock, I, 
the three discharge pipes of which are connected with the gvoose- 
neck blow-pipe, G, the triton, T, and the singing-bird, P, respect- 
ively. The three-way-cock, I, is operated by a cross handle, O, and 
the upper end of its plug has graduations which when brought op- 
posite an index mark on the shell of the cock determine which of 
the three discharge pipes shall receive the steam generated in com- 
partment A. 


* Heronis Alexandrini Spiritalium Liber. A Federico Commondino Urbinate, 
ex Greco, nuper in Latinum Conversus: cum privilego Gregorii XIII, Pont, Max. 
Urbini, 1575. 


Hero lived and wrote about 200 B.c., and there are several Greek manuscript 
copies of his works in the principal libraries of Europe.—W. F. D. it 
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The principal function of this apparatus was to furnish hot water, 
and it is so contrived that it is impossible to draw any considerable 
amount of hot water from the cock, N, without putting in an equal 
quantity of cold at the funnel, 8S. In order to put this apparatus at 
work the compartments B and C were filled with water to a level 
above the upper water tube, H, by means of the funnel, S; the 
goose-neck, G, was then removed and enough water poured into the 
compartment A to fill it nearly to the lower end of the three-way- 
cock, I; the fire was then lighted, and as soon as steam manifested 


itself the goose-neck, G, was returned to its socket and placed in 
such a position that the fire, Z, was blown by the issuing steam. 
The three-way-cock, I, could be turned by its handle, O, so that the 
steam would cause the triton, T, to sound his trumpet, or the bird, 
P, to warble, and thus announce to interested parties that the water 
was “ boiling hot.” In case any steam generated in the compart- 
ments B and C, it found an exit through the safety pipe, V, and any 
entrained water re-entered the boiler through the funnel, S. In case 
it was desired to draw hot water in any great quantity from the 
cock, N, it was necessary to supply an equal amount of cold water 


through the funnel, S, this requirement insuring a constant volume 
of water in the boiler. This boiler must have been placed over a 


descending flue. I think there are some features about this oldest 
of boilers that are not unworthy of imitation. 

Mr. Stratton. —With reference to this paper of Mr. Stirling’s, I 
would state in relation to the early water-tube boilers, as referred 
to therein, that the great difficulty which existed then was found in 
getting the flues in or out of such boilers, that is to say, it was not 
possible to insert or draw them through the head after the boiler 
was once constructed, for at that date the only way of making a 
tube was to rivet it up of sheets of iron, and were it not for the per- 
fection of the art of lap-welding flues and tubes it is doubtful if we 
would have many water tubular boilers at the present day. A boiler 
very often looks fine and works well until you come to repair it ; 
but as soon as that time arrives, from the inability to repair it un- 
less at great expense, the boiler fails. This has been the history of 
the majority of the water tubular boilers which we have seen in- 
troduced. 

As regards the locomotive boiler, which is referred to as having 
done great and good service and stood the test of time well, | would 
say that the locomotive tubular boiler has and still is doing good 
service in many instances, but in marine practice it is now found 
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impracticable, owing to the large amount of flat surfaces that require 
bracing fe high pressures; the locomotive boiler generates steam 
rapidly + 1d satisfactorily as long as you do not attach it toa surface 
condenser, or return the water of condensation and the impurities 
and oily properties to it which are obtained from the surface con- 
denser by its action on the oils used for cylinder lubrication. But 
when those cylinder lubricants are introduced into a locomotive 
tubular boiler they invariably affix themselves to the flat surfaces, 
and particularly to the crown sheets, almost immediately causing 
them to bulge between the sockets or stays. I now have three 
boilers of this locomotive type in New York, which were made as 
finely as it is possible to have them built, and yet under such con- 
ditions they gave out in use, and they were taken out and replaced 
by water tubular boilers. 

As regards the Scotch type of boiler, referred to on the sixth page, 
there are a great many difficulties attached to it, some of which have 
already been referred to. First is its great weight. These boilers 
are generally made from 10 to 12 feet in diameter and 9 to 
10 feet long, and made to carry from 60 to 120 pounds of steam. 
But when they reach a diameter of 12 to 14 feet the weight will 
approximate, including the water, 65 to 70 pounds weight per foot 
of heating surface, which is largely attributable to the great amount 
of dead water which is contained in these boilers below the line of 
the furnaces. The cylindrical form of construction is carried out in 
order to maintain a uniformity of structural strength. Another of 
the difficulties which also attaches to this form of boiler is the size 
of the furnace, which seems to be arbitrary as to diameter in a great 
majority of instances, from the fact that the grate bars pass across 
at or about the center of the cylindrical furnace, in order to admit 
the proper amount of air under the grate of the furnace, the space 
existing over the fire is very limited, and therefore the products of 
combustion do not have the proper opportunity to burn in order to 
produce the desired effect before passing through the tubes. These 
boilers, in connection with the surface condenser, are now causing 
engineers generally a good deal of trouble from another cause, 
namely, the great thickness of the furnaces, which has to be from 
§ to 3 of an inch thick in order to be sufficiently strong to resist 
the pressure. The best cylinder lubricant known is mineral oil, and 
us it carries a large percentage of wax with it, commonly known as 
parafline, after the volatile properties of the oil have been evap- 
orated in the cylinder the residuum passes into the boiler, and it has 
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a chemical affinity for the impurities of the water, and particularly 
for any saline matter that there may be in the water within the 
boiler. This affixes itself very strongly to the heating surfaces, and 
it seals the water, as it were, from the heating surfaces ; under those 
conditions there is nothing left for the furnace to do but come down 
under high heat and great pressure. I have seen on one of the 
largest steamships a furnace that internally was like a bath-tub ; 
foreed in under such conditions that a man could lie right in it, and 
this is a difficulty which engineers have to deal with continually in 
this class of boiler. This subject is now agitating some of the best 
minds in the engineering profession. The great weight of this 
boiler has reached a point when it is considered excessive, and en- 
gineers are anxious to know how it is best to get over it; the only 
way seems to be by the use of water tubular boilers, from the fact 
that the same results can be produced with a boiler weighing 40 
pounds per foot of surface as compared with 60 to 65 in the 
Scotch boiler. 

Mr. Shock in his book on marine boilers has made special refer- 
ence to taking three thicknesses, and I think in some instances as 
many as four, of thin boiler steel and riveting them together, and 
making the boiler of three or four thicknesses of thin steel in order 
to overcome the difficulties that we now experience in making these 
boilers of such thick metal as an inch and an inch and a quarter. 
The difficulty which is attributed to this class of iron or steel is, 
that it is not sufficiently compressed at the center under the rotls to 
make it perfectly homogeneous in the central parts of the sheets. 
This suggestion of Mr. Shock would seem to overcome the difh- 
culty toa certain extent, but should there be a leak between two 
of these sheets it would tend very soon to produce exfoliation be- 
tween them, which would seem to be an inherent difficulty with that 
class of construction, 

In referring to the matter of the waxy properties affixing them- 
selves to the heating surfaces of the Scotch boiler, I will say that 
they are overcome in the water tubular boiler in this way: the 
circulation in the water tubular is in one single direction. The 
current of circulation rises at the front end, and descends at the back, 
all the agitation there is from the rapid circulation of the water is 
found within two feet of the end of this drum, the steam being 
taken out through a dry pipe from the back end of the boiler, which 
renders it unnecessary to have a large superheating chimney as is 
adopted in most of the Scotch type of boilers. Then the descend- 
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ing current going down through the rear leg gives ample oppor- 
tunity for the impurities of the water to settle, and they ultimately 
find them deposited in the mud drum at the bottom. I had a con- 
versation recently with an engineer in New York who had tried 
this experiment, and found the deposit in the mud drum as de- 
scribed. 

Mr. Stirling in his paper has made reference to the fact of Ads 
not knowing of a single water tubular boiler being in use in a 
commercial way on any of the great commercial highways. [ would 
all his attention to the steamer Ortogal of the Messageries Mari- 
times. She runs between Marseilles and Rio Janeiro. Myers 
Coryell, Esq., who is now in Europe, has corresponded with me 
since he has been there on this subject, and has made a close ex- 
amination of this vessel and the methods of construction of the 
Belleville boilers, and he states that the performance is very satis- 
factory indeed, As another reference in the same direction, I would 
call attention toan issue of the Mechanical Engineer of May, 1585, 
wherein reference is made to the Milan, a vessel recently coustruct- 
ed in the French Navy, having Belleville boilers. She has recent- 
ly been under trial for over a month. The tests demonstrate good 
economy. She is believed to be the fastest war vessel afloat. Ina 
six hours’ speed trial she made an average of 18.4 knots per hour. 
The engines develop 4,000 horse-power. These boilers are of the 
sectional water tubular type, weighing many tons less for the same 
horse-power than the usual cylindrical shell boiler, This latter 
saving being principally caused by the less quantity of water 
carried, 

Mr. Barrus.—Mr. Stirling says in regard to the vertical tubu- 
lar boiler that it has these objections—* That part of the heating 
surface is above the water level and is liable to be injured by the 
fire, that it has small area of water level, and that it is difficult to 
clean and repair.” Then he goes on to say, “many modifications 
of the vertical boiler have been made, but they are for sinall powers 
and have not come into general use.” There are quite a number of 
vertical boilers in use in New England cotton mills. They are 
mainly of the Corliss type, and in a 140 horse-power boiler it would 
consist of the main shell, which is in the neighborhood of 7 feet in 
diameter, with a dome 30 inches in diameter, 6 feet high at the 
top, and a water leg of the same dimensions at the bottom. The 
tubes, which are 10 feet long, lie concentrically around the outer 
part of the main shell. There are in that boiler 248 2-inch tubes. 
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What I wanted to call attention to was the fact that the boilers are 
now in use, and have been in use a great length of time. I have 
asked a number of people who have used them how they liked them, 
and they say that they have given every satisfaction and have 
caused no trouble. I know of one instance where they were about 
to put in some new tubes, and I asked how long the old tubes had 
been in, and they said twelve years. 

The question what are the advantages of water-tube boilers over 
shell boilers, is one which I would like to speak about. I have 
tested a number of boilers of both types. 1 have found that, work- 
ing under economical conditions, the water-tube boiler is more 
economical than the shell boiler, and I wish to suggest one reason 
why it should be so. In a properly designed type, the course of 
the products of combustion is from the furnace through and along 
the tubes and out to the chimney. The course of the feed water 
is first from the chimney end of the drum down into the vertical 
tubes near the chimney, then forward through the inclined water 
tubes, and finally back to the drum. Now the cold water coming 
in at the chimney end of the heating surface, would first strike 
that portion of the surface where the escaping gases have the low- 
est temperature. Consequently, a higher difference of temperature 
between the water and the escaping gases is secured, and the heat- 
ing surface is more efticient than in other types of boilers. 

Mr. Jones.—I would like to say a word or two in regard to the 
vertical boiler just referred to. I think that care should be taken 
in making statements before this Society, but I venture to put my- 
self on record as making the statement that a vertical boiler is not 
justifiable in any case, unless no other form of boiler can be ap- 
plied. The statement made that these boilers were of use in the 
New England States is correct, and it is practicable to use them 
there, because there they have pure waters. The Cambria Com- 
pany were persuaded to put a boiler of that kind into their works, 
and in the course of a year it had to be taken out. It is a form of 
boiler that should never be put in by an engineer when any other 
can be used. 

Mr, A. H. Emery.—Before the matter is closed, I would like to 
refer to a remark that Mr. Babcock made. He said that one ad- 
vantage of the sectional boiler over the shell boiler, was that the 
shell boiler had to have the side of a house taken out in order to 
be taken in; but I would mention a greater advantage which the 
sectional boiler has in that it does not itself take out the side of 
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a house when it is to be removed, even if it has burst in some 
part. 

Mr. Stirling.*—The hope expressed in the paper, that the “ gen- 
eral subject of boilers ” 


would be freely discussed has been real- 
ized. One of the speakers ventured to express the opinion that 
“discussion does not lead to an advance.” We find, however, by 


reference to Art. I. of the Rules of our Society, that one of its aims 
is “to promote the arts by means of the reading and discussion of 
professional papers.” There can be no doubt that an interchange 
of views between men of such extended experience as Messrs. 
Emery, See, Babcock, Durfee, Bancroft, Barrus and others, must 
have a tendency to further that progress in arts, which is declared 
to be one of the prime objects of our Society. 

The method of curing the trouble with long cylinder boilers, 
illustrated in Figs, 218 and 219, is very effective, and no doubt is 
superior to any system of springs or levers. 

The question whether we have reached the limit of pressure in 
the Scotch Marine Loiler, has been referred to ; and when we find 
such a man as Mr. See taking the ground that very much higher 
pressures can be carried by that type of boiler, we must admit 
that the question is unsettled. it will be interesting to watch the 
developments in this direction. Attention is called to this gentle- 
man’s statement, that it does not matter much whether the surfaces 
of a boiler are flat or circular, provided the flat surfaces are well 
stayed. 

The account given of the behavior of the boilers of the New 
York Steam Company is interesting and instructive. 

The attention of the speakers who referred to the advantage of 
the long tie rods that were used in Harrison boilers fur preventing 
explosions is invited to the remarks of Mr. C. E. Emery and Mr. 

sabeock on this subject. The trouble with these tie rods is given 
as the reason why the Harrison boilers failed so completely in Eng- 
land when tried there a number of years ago. 

One of the gentlemen said that he did not believe the statement 
that boilers made of flat plates, as illustrated in the paper, Figs. 145 
and.145a, had ever been built. oilers of this type were built by 
Mr. D, Davies, of the Crumlin Viaduct Works, near Newport, 
Monmouthshire, England. In March, 1876, one then had been in 
use for thirteen months at these works, where it took the place of 
two Lancashire boilers, and up to that time had given no trouble. 


* See Proceedings, XIth Meeting, page 376. 
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This boiler was thoroughly tested and found to evaporate over four 
pounds of water per hour for every square foot of heating surface, 
with an evaporation of over nine pounds of water per pound of 
coal, 

This speaker also said that the use of “riveted flues or large lap 
welded tubes” in the West is due to “ prejudice,” and that Mr. 
Holloway, our President, says it is the result of “ experience.” After 
reading Mr. Babcock’s remarks on this subject, the members can 
judge for themselves who is most likely to be right in this matter. 
Mr. Kent illustrates, in Fig. 224, what he is pleased to call the evo- 
Jution of the steam boiler, but the locomotive boiler is not found in 
this illustration, although it is probably the one whose use is most 
extended. He says the locomotive boiler is a troublesome and a 
dangerous thing, but does not offer us anything better. 

Some of the speakers objected to the generalization in reference 
to the “Field” tubes. This “generalization” was warranted by 
the fact that there are over 1,500 “ Field ” boilers in use, and that 
over 140,000 “ Field” tubes have been supplied for insertion in 
existing boilers. These boilers and tubes are distributed all over 
England where the water is exceptionally bad. Several 50-horse- 


power “Field” boilers can be shown, each oceupying a floor space 


of less than forty square feet, which after eight years’ hard work 
are evaporating 10.93 lbs. of water per pound of coal. The expe- 
rience of twenty years proves that there is no trouble with scale 
in the * Field” tubes; the circulation is so violent that the sedi- 
ment is not allowed to adhere, and the other parts of the “ Field” 
boiler can be kept clear of scale in the same way as other boilers 
are. The attention of the gentleman who referred to the “ Wie- 
gand” boiler is called to the following points: 1st. The “ Wie- 
gand ” boiler differs from the “ Field” boiler in several essential 
details; so it is not surprising that, while one is a great success, 
the other should be a failure. 2d. When economical results from 
the introduction of water tubes were spoken of, the reference was 
to the “Field” tubes; and when reference was made to John 
Elder’s experiments with water-tube boilers, it was to boilers with 
inclined tubes ; so that there was no contradiction, the statements 
referring to two different things. The Marine Engineers to-day 
look to John Elder as one of the fathers of their profession, and 
the writer of this paper joins with them, and will receive any 
statement given on his authority with great respect. It is alto- 
gether likely that these experiments of Mr. Elder have had much 
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to do with the exclusion of inclined water-tube boilers from the 
commercial marine. Some fault has been found with my gener- 
alization as to the absence of water-tube boilers from commerce, 
but very few exceptions have been cited, and they on compara- 
tively untraveled commercial highways. We are referred to a 
fast steamer of the French Navy, just out, with water-tube boilers ; 
but the French yacht //irondelle made sixteen miles an hour with 
selleville boilers fifteen years ago. We are also told that the 
United States Goverment steamer Monroe “had” water-tube 
boilers. Whiy is the past tense used? What has become of them # 

Reference has been made to Dickerson’s boiler as likely to work 
well for marine purposes. No doubt the removal of the super- 
heating tubes would be an improvement. And the evidence is 
clear that with that improvement it has done well for small light 
work; but it unfortunately belongs to the class of “ inclined 
tube” boilers which John Elder experimented with and con- 
demned. 

Promises have been made regarding the future of inclined tube 
boilers; hut the trouble with all this class of boilers is that several 
of the tubes discharge their steam intothe steam space through the 
same header. This feature will prevent their ever being driven up 
to the capacity per square foot of heating surface of boilers like the 
Scotch Marine or locomotive boilers. By reference to the illustra- 
tion in the paper, it will be seen that the tubes in the boilers of 
the Montana were slightly inclined ; and while it is true, as one of 
the gentlemen stated, that they failed because of unequal expansion, 
this unequal expansion was caused by the headers being insufficient 
to carry away steam as fast as it was generated. The velocity of the 
the current in these headers was most violent, a complete rush instead 
of a steady flow. The force of the current was so great that bolts, 
rivets, etc., were carried up by it. With comparatively light firing, 
our modern inclined water-tube boilers do very well ; but placed over 
a heavy fire with strong draught, the result would be as disastrous 
as in the Montana. Instead of the steam getting away immediately 
to the steam space, it has to twist itself through the numerous bends 
of the header, joined at every step by more steam issuing from the 
tubes above, the neck nearest the top being compelled to convey 
the steam generated in the whole of the tubes below it. When 
the inclined water-tube boiler is placed over a strong fire, such as 
the locomotive men find necessary, it will be found that the steam 
chest and lower water tubes have changed places, and that it would 
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be advisable to fix the stop-valve to the lower water tubes; for it 
would be found that as much steam could be got there as anywhere 
else. The water would be converted into steam faster than it could 
be replaced by the ordinary course of circulation. In the loco- 
motive or the Scotch Marine boiler, there is ample area for free cir- 
culation both for the water and for the escape of the steam, and 
this is probably the main reason why these boilers have proved so 
satisfactory. 

As to the list of water-tube boilers that have proved failures, there 
are two exceptions that should be made; one the Whittingham, 
which is still in use, and the other the Shepherd vertical conical 
tube which is still being manufactured. 

One gentleman tells us that the failure of the Prepontis was due 
to her three-cylinder engine; but the trouble was really with the 
boilers, as is shown by the fact that there are many three-cylinder 
engines working now successfully in connection with the Scotch 
marine boiler. 

Some of the speakers have criticised the reference in the paper to 
the matter of cleaning. One of them says: “ We are told by Mr. 
Stirling that most of the boilers in use to-day cannot be cleaned at 
all, and that therefore it is not necessary to clean them.” This 
statement was never made by me either in the paper or elsewhere. 
What I said was that it was impossible to clean thoroughly by hand 
with scaling-hammers. Locomotive men do not get inside of their 
boilers to seale them, and even when inside of a tubular boiler I 
have found it impossible thoroughly to clean the center tubes of a 
group. We all know that boilers must be kept clean; but it is 
coming to be better understood that one of the most effective means 
of keeping boilers clean is to use a compound that will dissolve 
the scale or prevent it from hardening, to take advantage of the 
abrading and transporting power of water in rapid circulation, and 
then blow out the seale at regular intervals while under steam. 
There are cases where the water is so very bad as to make it nee- 
essary to go inside, and one speaker says that such water prevents 
the use of tubular boilers entirely. 

One of the speakers stated that the water-tube boilers referred 
to in the paper as failures, had failed because the tubes were rivet- 
ed ; and, also, that the wax in oil causes much trouble in boilers work- 
ing with surface condensers. The fact is, that the water-tube boilers 
illustrated in the paper were built about twelve years ago of welded 


tubes; and that the wax in oil gives no serious trouble is evidenced 
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by the fact that boilers attached to surface condensers often work 
continuously for weeks at a time without difficulty. 

The Corliss boilers, to which reference was made in such an 
interesting way, should have found a place in the paper; and Mr. 
Barrus is entitled to thanks for bringing them forward, in the dis- 
cussion, 


As to the leakage through the masonry of externally fired boilers, 
the loss is not always 25 per cent., but no doubt it is as high as that 
in many cases, particularly where plain cylinder boilers are used. 
11.292 lbs. of water per pound of coal is a very high evaporation, 
as the gentleman who made the statement knows. In many cases 
it is very much less than that, and would leave 20 per cent. to go 
up the chimney, 25 per cent. for radiation, and some to spare, 

This gentleman took exception to the classification in the paper 
of shell and water-tube boilers, but he did not mend matters by 
classifying a plain cylinder boiler as a water-tube boiler. 

Two of the speakers have advocated externally fired boilers, and 
have referred us to some German locomotives and to the steamer 
Louisiana to sustain their position. It is very strange if there 
is any advantage in external furnaces for locomotives, that none of 
the British or American locomotive men have found it out. As to 
the reference to the Louisiana, her designer, Mr. John Baird, 
was one of the best engineers in the country, and she has from the 
first been known as a swift and economical steamer. Before giv- 
ing, however, so much credit for economy to the substitution of 
brick walls ior water legs, we should have a record of careful tests. 
John Elder’s experiments were no doubt made with care, and his 
results as stated in the paper can be depended upon. 

In conclusion, I wish to say that the additional statements made 
by me in this discussion have been gleaned from various sources 


and no claim is made for originality. en Se 
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THE ADAPTATION OF STEAM-BOILERS TO WARMING 
DWELLING-HOUSES. 


BY JOHN W. ANDERSON, SOUTH BEND, IND. 


Tuk requirements of boilers for warming houses are so different 


from those used for supplying power, that there are none of the 
celebrated boilers which have excited so much interest that are suit- 
able for use in the house we live in, 

For this purpose a boiler should be safe; not only safe from 
explosion but from discharging poisonous gases into the house. 

It should be durable; so durable that one boiler will last an 
ordinary life-time with slight repairs on grate, ete. 

It should be economical in fuel; so that warming a house by 
steam may cost less than by other methods. 

It should be easily accessible for cleaning, and attended by so 
little trouble that the members of the family or servants may have 
no dislike to keeping it in order, 

It should be self feeding, and so nearly automatic in operation 
that only a few minutes’ attention morning and evening will be 
necessary to keep up a regular pressure of steam. 

It should be so simple in construction and management, that any 
person of ordinary intelligence can understand it and run it suecess- 
fully. 

Much thought and considerable money have been expended in 
the effort to construct boilers that would fill these requirements ; and 
some valuable progress has been made during the last ten years. 

It would be interesting to follow the course of these experi- 
ments and note the results, but as that would be impossible in a 
short paper I will confine myself to one that has come prominently 
under my notice. It is such a radical departure from the ordinary 
construction that I think it worthy of consideration, and as I am 
not the inventor, I feel freer to point out its merits. 

This boiler has scarcely yet been introduced to the public, and 
still it has been well tested under a variety of conditions during 
the last two winters. 

The boiler may be classed with the type known as water-tube 
boilers ; most of the water being contained in the tubes, and the 
action of the heat is principally on the outside of the tubes. 
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Referring to the accompanying Figures, 200 and 201, which are 
taken from a boiler which is designated as size No. 4—A isa 
circular drum 36” diameter by 18” deep. The shell and upper 


B 


a Fig.201. 


head of this drum are ordinary boiler iron. The lower head is 
cast-iron 1” thick. This cast-iron head has a raised boss at the 
center on the upper side to receive the screw-end of a bolt, which 
runs down through the upper head making a very effective stay- 
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bolt, and is pierced by eighty holes in two circular rows, staggered, 
tapped for one-inch (inside measure) tubes. These tubes are 
46” long and flare outward toward the lower ends. 

The bottom of the boiler consists of an annular cast-iron drum 
or tube head, B, which is tapped for the same number of tubes as 
the head of the upper drum. 

The tubes in the annular drum are 10” long. They are united 
to the upper tubes by 45-degree ells. These 45-degree ells are of 
special pattern, extra heavy, and they, as well as the drums, have 
all the holes counter-bored the size of the outside diameter of the 
tubes, so that all the threads on the tubes are completely covered. 

The faces of the drums are at a suitable angle totake the tubes 
at right angles. 

The annular drum, B, has bosses on the outside to take all 
the necessary connections, as circulation tubes, feed and blow- 
off pipe, ete. 

The tubes are omitted at a part of the front of the boiler, leav- 
ing an opening for a door to reach the inside and for a chute to 
carry the fuel to the grate. The fire-pot is a heavy cast-iron flar- 
ing ring, resting on the inside upper edge of the annular drum, B, 
the top being slightly higher than the top of the 45-degree 
ells. 

At the top of the 45-degree ells are a row of flat plates which 
we will call flame plates, each having two holes, slightly oblong, 
which fit loosely around the tubes, with a washer on each tube that 
lays on the flame plate to make a close joint. The inner ends of 
the flame plates rest upon a flange on the fire-pot and the outer 
ends in the masonry which encases the boiler. The flame plates 
form a partition which divides the fire chamber from the tubes 
below the bend. 

The space which surrounds the lower portion of the tubes under 
the flame plates is utilized as a draught flue, and is connected to 
the fire chamber by flues running down at an angle through the 
masonry from the center of the upper drum. 


Two tubes outside the masonry are connected to the upper and 
lower drums, which maintain a good circulation of water if all the 
heating pipes are shut off. 

The fuel magazine is an iron box, with a close fitting cover, about 
the same height as the upper drum, and of sufficient length to 
hold the desired amount of fuel. The width is right to set against 
the drum and come flush with the brick-work in front, about 14”. 
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A cast-iron tube of suitable size forms an inclined chute from the 
bottom of the fuel magazine to the center of the boiler over the 
fire-pot, keeping the grate supplied with fuel. The inclined chute, 
N, passes in over the front door through the space between the 
tubes. The grate, which swings inside the annular drum, has 
very convenient means for shaking and dumping by. levers placed 
outside the boiler front. 

The boiler is inclosed in brick walls which are built hollow and 
supplied with a sufficient number of cleaning doors to reach all 
parts easily for the purpose of clearing it of soot and ashes, and 
also giving it a free circulation of air when not in use. It is easily 
freed from soot by using a small hose for throwing a jet of steam 
against the tubes. 

This construction admits of a fuel feeder without cutting away 
the center of the upper drum, thus obtaining a larger water and 
steam space in a boiler of given size. It affords a high and spa- 
cious fire chamber which gives an almost perfect combustion of the 
fuel, there being very little deposit of soot upon the tubes or 
escape of smoke from the flue. 

The bend in the tubes permits the use of screw threads for 
uniting them to the drums, which has much greater strength and 
durability than the expansion of tubes in smooth holes. 

The bend also allows the tubes to expand and contract length- 
wise without straining the joints, and permits the use of smaller 
tubes, thus subdividing the water into smaller columns and obtain- 
ing more efficient action of the heat, resulting in economy in the 
generation of steam. 


The circulation of the water is very perfect, there being no dead 
end at any part of the boiler. The water flows in at the lowest 
and coolest part and rises steadily through the gradually increas- 
ing heat to the upper drum. All the tube ends and other parts 
exposed to much heat are submerged in water—an important con- 
dition for durability. 


All the joints are iron to iron either screwed or riveted, no 
packing or bolts being used at any part. 

The fvel magazine being flush with the front is much easier to 
reach for filling than if it was in the center of the boiler. The 
size of the magazine is not limited by the amount that can be cut 
out of the center of the boiler, but can be made of large size with- 
out interfering with any other part. 

_ _The placing of the magazine at one side, together with the good 
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combustion, obviates the liability of gas rising through the feeder, 
as it frequently does where the feeder is perpendicular over the 
fuel. 

The position of the tubes and cleaning doors enables the at- 
tendant to clean the boiler in a few minutes without disturbing 
the tire. 

The boiler being designed specially for steam heating with low- 
pressure gravity apparatus, it has not been deemed necessary to 
provide any means for cleaning the inside, except the blow-off 
cock which relieves it of all sediment that settles in the lower 
drum. 


Though it is made for low-pressure heating it is very strong 


and would be safe with one hundred pounds’ pressure. 

To test its power of enduring ill treatment, one boiler was 
allowed to boil dry, leaving a strong fire in it which kept the 
tubes red hot for several hours. When the water was let in again 
it showed no leak or other signs of injury. 

Where this boiler has been in use it has been the delight of 
the housekeeper, doing its work with the least possible care. 

The invetitor * seems to have made an important advance 
towards the perfection of steam-heating boilers. 

In trial tests with other boilers, it performed the same duty as 
tubular boilers of approved construction and in good condition 
with twenty-five per cent. less fuel, and with some other boilers — 
of good reputation it showed a saving of thirty-three per cent. 


DISCUSSION, 

Mr. Towne.—The subject of this paper happens to interest me, 
as I am using a steam apparatus in my dwelling-house, and am 
confronted with some difficulties in obtaining satisfactory results 
from the ordinary boiler. If this boiler proves on experience to 
keep tight it certainly has some advantages. Without discussing 
that, however, I wish to put on record here, very briefly, a minor 
but pertinent fact relating to the use of such apparatus in dwelling- 
houses, a fact which, if appreciated in advance, will lead to the 
employment of boilers of slightly larger capacity than would 
otherwise be provided. Any of us who have given consideration 
to the subject kno-w that we all suffer in this country from the dry 
atmosphere of our houses in winter, and that the use of steam- 
heating apparatus, either direct or indirect, has rather increased 


Geo. H. Asire, 
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the difficulty by introducing very large volumes of moderately 
heated and very dry air. In my own house I have tested the 
humidity of the air by using a Mason’s hydrometer, and have 
found that in ordinary winter weather the percentage of moisture 
in the house was under forty per cent., and from that down to 
thirty, while the proportion considered desirable from a health 
standpoint should be at least sixty per cent., and more than that 
would be better. 

I attempted to remedy this defect by the ordinary appliances 
of evaporating pans and porous cups in front of the registers, and 
finally, as a mere experiment, by the hanging of wet cloths, satu- 
rated with water, over the registers. The effect of all that I could 
do in these ways was to increase the moisture in the atmosphere 
about tio or three per cent.—nothing to speak of. I then resorted 
.o the following expedient, which is, I think, worth noting: I 
made a connection with the steam pipe at several of the box coils 
under the floors, where the inflowing current of air is passed 
through the coils to be heated, and by means of a little regulating 
valve on the floor above I am enabled to permit a jet of steam to 
issue just under the radiator at a point where it mingles with the 
inflowing air. If desired, I can open that valve so wide as to get 
a visible flow of steam through the register. By means of this 
arrangement I can at any time increase the moisture of the air 
up to the point of saturation if I choose, and the amount of steam 
so introduced is simply limited by the point at which condensation 
on the windows occurs. You cannot get too much, as condensa- 


tion will begin to take place when you get up to about sixty per cent. 
The difference in the atmosphere of a house resulting from a prop- 


er moistening of the air is greater than any one appreciates who 
has not, tried the experiment, and all of us who have steam ap- 
paratus in use in dwellings would find very great benefit from 
making an attachment of this kind whereby they could keep the 
moisture in the house up to a reasonable degree. 

The connection that all this has with the paper just read is 
simply that the use of steam in this way of course increases the 
evaporation necessary from the boiler, and for that reason it is 
desirable to have a boiler slightly larger than is ordinarily used. 

» Root.—What do you mean by sixty per cent.? 
Towne.—Sixty per cent. of the dew point. 
Avent.—Is there any noise ? 
Towne.—Almost none. There is a steam coil almost 
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directly under my library floor, and the noise of this steam jet in 
it is so slight that it is rarely noticed. 

Mr. Babeock.—I wish to eall attention to the statement: “The 
bend in the tubes permits the use of screw threads for uniting 
them to the drums, which has much greater strength and dura- 
bility than the expansion of tubes in smooth holes.” It is quite 
evident from that statement that the writer of the paper has had 
little experience in that line. Cutting a screw thread upon a pipe 
takes away a large share of its strength. It has therefore not “much 
greater strength” than a pipe that is not so cut away. That is self- 
evident. It is also evident to mechanical engineers that a pipe 
or any other piece of metal which is nicked as it is with a serew 
thread is very weak at that point, particularly against any bend- 
ing stress. 

All boilers made with screw threads and exposed to any bend- 
ing strains have given way very rapidly at those threads. Cor- 
rosion is another serious difficulty with such boilers. It may be 
possible to cover such a thread by a projecting part of the piece 
in which it is screwed, and thus prevent any serious corrosion at 
those points ; but this eannot be done when the tube is screwed 
into a plate-iron connection. Other criticisms might be made on 
this boiler. It would seem that the author of this paper has endeavy- 
ored to show a good reason why this boiler is different from other 
boilers in common use, with a chamber for fuel feeding directly 
down to the grate. There are several somewhat similiar boilers 
in use of different makes, and they are doing very fair work. He 
also seems to have tried to find some good reason for making that 
bend in the pipe. He says it admits of screw threads being used. 
I cannot quite see how he can use screw threads and get the 
thing together. The difficulty of cleaning is also an important 
objection. TI fail to see any special advantage in this boiler over 


those that are well known in the trade for house-heating purposes. 
The President.—| suppose the intent of the magazine feature of 
the boiler is that a house servant will be able to manage it. 


Mr. LPabcock.—But boilers in common use have the magazine. 
There is one called the Dunning, and then there is the Gorton 
boiler which is quite similar. 

Mr, Kent.—Fire-tube boilers or water-tube ? 

Mr. Babcock.—Some have fire tubes and some water tubes. Mr. 
Gorton made a water-tube boiler similar to this, only the tubes 
were not spread or bent at the bottom. 
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Mr. Barrus.—The statement is made that in comparing these 
with other bojlers, they were found to perform the same duty in 
some cases with twenty-five per cent. less fuel, and in other cases 
with thirty-three per cent. less fuel. Isee nothing in the construe- 
tion of the boiler that should make it more economical than other 
good types, and should therefore very much doubt the reliability 
of that statement. 

The President.—That is quite an indefinite statement, but if the 
statement that precedes it is true it certainly does not apply to 
any other boiler that I know of—* Where this boiler has been in 
use it has been the delight of the housekeeper, doing its work 
with the least possible care.” That does not apply to a great 
many boilers in use in house-warming. 

Mr, Kent—There may not be any error at all in that statement, 
but it is a case of that implied generalization that I referred to 
yesterday. 


Mr. Babecock.—The satisfaction might possibly result like a 
trial I made in my own house. I had been using a boiler which 
consumed about two tons of coal a month and [ thought I would 
take it out as it was too small. A friend of mine had a new kind 
of boiler that he wanted me to try. I put it in and found that it 


used four tons of coal a month, which I said to bim I did not think 
was any great improvement. “ Well,” he said, “the boiler is not 
big enough,” so he put in a bigger one and that took six tons of 
coal! It is only fair to say that I fired the first boiler myself, 
while the others were cared for by my gardener. 

Mr. Purtridge.—In this matter of household heating a difference 
in cost of running between one system and another of between forty 
and fifty per cent. need not excite any surprise. It is not like run- 
ning a steam-boiler to take power from. You take two houses of 
precisely the same dimensions, the same exposures, and the same 
number of rooms heated by the same heating apparatus, and dif- 
ferences as great as Mr. Babeock has indicated between his three 
different boilers, are easily to be found. I ean eall to mind a 
vase at present of two similar houses where I think the cost of 
heating is three times as great in one as in the other. The factor 
of the servant-girl is a very much larger one than the factor of the 
fireman in the case of an ordinary boiler. Yet according to the 
old Aveling & Porter experiments, the firemen made a difference 
in their figures of fifty per cent. in the number of revolutions they 
got from the engine with a fixed load. The poorest of their fire- 
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men got 2,600 revolutions, the next best man got 3,600, and the 
man that they finally selected for their work got 5,200 revolutions ; 
of course the coal consumed would have shown equally great dif- 
ferences if they had kept a record of that instead of making the 
coal fixed and the amount of work variable. In household 
economy the servant-girl is a factor which influences the economy 
of the boiler very much more than its construction 

In regard to the magazine, I would like to ask whether those 
who have used boilers with a straight magazine have found any 
type in which the fire does not run up into the coal occasionally 
and the whole body of coal become ignited? If this form would 
overcome that difficulty, it is worth more than all the other points 
claimed, 
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_ THE OXIDATION OF METALS AND THE BOWER- 
BARFF PROCESS. 


PRESENTED BY WM. H. WEIGHTMAN, NEW YORK. 


In connection with the able paper by Geo. W. Maynard, on the 
Bower-Barff Rustless Iron Process,* the society will perhaps per- 


mit me to present the following report of Lieut. Col. A. R. Buff- 
ington, Ordnance Dept. National Armory, Springtield, Mass., as 
of considerable value not only from the information contained, but 
from the freedom accorded for use of the process defined and de- 
veloped by Col. Buffington. 

The report is made to the Chief of Ordnance, U.S. A., and is as 
follows: 

NATIONAL ARMORY, 

SPRINGFIELD, Mass., Oct. 7, 1884. 
— Sir:—Within a few days past 1 have been called upon by the Department for 
remarks relative to the ‘“‘ Bower-Barff process ” of oxidizing the surface of iron 
and steel for preservation. ‘To-day a representative of the parties controlling 
this process called upon me with specimens of their work, one a piece of gun 
barrel, In this way the subject has again been called to attention, and at the 
same time the discovery is made, by a comparison of work and a fuller knowl- 
edge of the Barff process, that a method now in use at this armory is superior to 
it for the oxidation of parts of small arms, Six or seven years ago the Barff 
process, so far as my knowledge extends, was made known in this country, and 
attracted my attention relative to the oxidation of parts of small arms, but my 
interest extended no further; the difficulties attending the application and the 
high degree of heat required, presenting obstacles I did not care to encounter ex- 
perimentally. Some time after, either immediately before or after my change of 
station to the Watervliet Arsenal, I saw a public notice of a lecture in England 
in which it was stated the lecturer asserted the oxidation of iron and steel sur- 
faces by the application of melted nitre to be the magnetic or peroxide of iron, 
This or a similar notice was seen by one of the assistant officers at Watervliet, 
and he called attention to it and suggested that it be tried, which I instructed 
him to do with the lariat rings there manufactured. The result proving satisfac- 
tory, the rings were thereafter, up to the time of my leaving the arsenal, so 
colored. 

About this time, being on a board of officers in New York with the late Colonel 
Benton, then in command of the armory, I called his attention to the subject 
with a view of applying the process to parts of small arms. He soon after died, 
and no further action was taken until some time after I succeeded him here, 


* Transactions A. 8S. M. E., Vol. IV., p. 351. 
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when my attention was again ca!Jed to it by the master armorer observing the 
coloring of some metal, oxidized by nitre, which I had brought with me, and 
asking how it had been done. 

I then began experimenting, but succeeded only at first, with the help of one 
of the workmen, in securing a good color for the tip of rifle stocks. This part, 
malleable iron, had always been case-hardened. The case-hardening, besides not 
colouring uniformly, injured the files in fitting the rammer to the groove in as- 
sembling the arms. From this success, without entering into details, we have 
progressed until now tips, bands, band-springs, guards (fully assembled), and 
butt-plates are colored with the nitre, and some experiments with barrels, after 
one (the first) rusting of the present browning process, would indicates that it is 
but a question of time until all metal parts of the rifle not requiring to be hard- 
ened are so colored. But after the success with the tip when the process con- 
sisted simply in immersion in melted nitre at about the melting temperature, 
after a blueing made in the ordinary way with heat (the malleable iron, it was 
found, required this preliminary blueing), a change was made. Whether the re- 
sulting satisfactory work is due to that change, or simply the result of more skill 
and judgment acquired by practice, as to degree of heat, time of immersion, ete., 
I am unable to say. The change consists in putting in the vessel witli the melted 
nitre a few pounds of peroxide of manganese. It was known to me that the 
presence of this mineral increased, without any chemical change in itself, the ox- 
idizing properties of chlorate of potassa, Why not as well the nitrate of potassa? 
I tried it with the result as above. I have made no secret of this whole matter, 
and it has already attracted the attention of one private arms company to the ex- 
tent of coming here to see and Jearn the process. But it has occurred to me, the 
armory process being superior in color (to the specimen of gun barrel shown), 
economy, and simplicity of application, and the heat required not affecting the 
temper, which the Barff process does, of tempered parts subjected to it, the 
United States should be secured in the use of this valuable method without pay- 
ment of royalties, by the publication of the history of its use here. The simple 
oxidation of iron and steel by nitre could not be patented, as books of chemistry 
have long ago published it, but the process as above described might be. 

I therefore make this report with a view to its speedy publication. The 
method used here, in brief is as follows: A cast-iron pot or vessel, open to the 
uir, built into a furnace of fire-brick and heated from below, contains the nitre 
and oxide of manganese at a temperature sufficiently high to cause ignition and 
combustion of a pinch of saw-dust thrown upon the surface of the nitre. The 
parts to be subjected to oxidation are suspended by wires from a stationary hook 
above the pot, in the center of the nitre; after immersingand moving them about 
through it so as to stirup the mixture, the parts are put in cold and finished, 
excepting color, and left suspended as above from five minutes up, depending 
on the size and color required. After the lapse of the required time, or after 
satisfactory color is obtained, which can be determined by raising the charge 
out of the nitre and looking at it, it is plunged into a vessel of hot water to cool 
and remove the adbering nitre ; then into oil, completing the process. 

[Signed] tespectfully your obedient servant, 

A. R. BUFFINGTON, 
Lieut. Col. of Ordnance. 


Since preparing the above for presentation to the society, I have 
had the pleasure of a direct communication from Col. Buttington, 
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which like the official report to the Ordnance Department is sub- 


stantially brief and to the point. 
The communication is as follows: 


April 18, 1885. 
Wa. H. WrEIGHTMAN, 
82 Astor House, New York, N.Y. | 

DEAR Str:—In reply to your request of the 17th inst., I take pleasure in stating 
that the process of oxidizing by nitre has been improved to the extent of assured 
success, but there is little to add to the publication referred to, All metallic 
parts of the Springfield rifle, except the parts requiring to be case-hardened and 
the small parts colored in tempering, etc., are now oxidized by nitre, and by it 
simply as related in said publication without any preliminary or after process 
except in the case of the stock tip, malleable iron, which requires the previous 
blueing heating in the ordinary way ona plate. The rifle barrels require to be im- 
mersed in the nitre vertically, which is done on a suitable fixture holding eight or 
ten arranged cylindrically around a central rod having an eye for hooking to a 
smal] pulley block of a set above, arranged for lowering the barrels into and 
raising them out of a deep pot containing the hot nitre. After withdrawal, the 
barrels are left suspended in the air for the nitre to drip off and to cool to about 
the temperature of boiling water, into which they then are immersed verti- 
cally as in the nitre, An after immersion in a bath of oil (sperm) completes the 
process, 

The barrels are treated in this way to prevent any springing and set from the 
perfectly straight and finished condition in which they are, before treatment. 
They are colored inside and out ; the nitre having unrestricted access to the in- 
terior. The uniformity of product, the beautiful color, the economy of time, 
labor, and material, the simple and inexpensive plant, mark this process as an im- 
portant advance in the manufacture of small arms, 

A comparison by application to a smooth revolving wheel of the ‘‘ browning 
oxidation with the nitre ss to durability gives a ratio of about 5 to 3 minutes 
in favor of the nitre; and a blow on a barrel colored by nitre does not remove 


the coloring, leaving a bright spot, as is the case with browning. 

The degree of heat required varies, but not much, with the part to be colored. 
Whether the highest used is sufficient to heat to a redness visible in the dark, | 
am unable to say,as I have not tested it. The use of pyrometers has not 
proved satisfactory ; such as I have used are unreliable and dependence is placed 
on the experience of the workmen. 

The cast-iron vessels for heating the nitre, if perfectly sound castings, will last 
indefinitely. An imperfect one is liable to crack, break and precipitate the nitre 
into the fire. An accident of this kind will fill the room suddenly with a dense 
suffocating gas, but not otherwise dangerous—explosion does not appear possible 
in the absence of sulphur and charcoal. 

The fire may be made either with hard or soft coal. I have tested the matter 
as to explosion, by pouring the nitre into a red-hot ladle and again emptied at 
once a large ladle full upon the hot coals of a soft coal fire with no other result 
than a sudden filling of the room with the gas aforesaid. Care should be taken to 
allow no oil, bits of wood, charcoal, in short any combustible matter or water to 
fall into the melted nitre or be introduced into it with the parts to be colored. 
Minute explosions on the surface and in the nitre take place occasionally and are 
attributed to oil or bits of combustible matter adhering to the metal parts im- 
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mersed in it. Care should be taken also when heating up a pot filled with melted 
nitre cooled into a solid mass. The bottom heating first, melts the nitre in con- 
tact producing the evolution of oxygen before the nitre above melts. This 
oxygen is soon under tension and will escape with more or less violence as soon 
as it can find passage through the melting nitre. ‘The vessel should therefore 
have a weighted cover until the whole of the nitre melts. 

No accident has happened here in the use of the nitre, beyond the cracking of 
an imperfect pot, and I look upon the process as a perfectly safe one. 

The nitre should be pure—should be refined. ‘The crude nitre of commerce 
will not give satisfactory color—it will not be aniform., Parts are found occa- 
sionally spotted and streaked. These are treated a second time with the 
desired result. 

The streaking is attributed to some peculiar structure or inferiority of metal. 

A surface perfectly smooth and free from the markings of the polishing 
material but not highly polished appears to be the most favorable for the action 
of the nitre. 

A smooth polished surface of cast iron treated with the nitre is given a very 
pretty bronze color, which might be desirable for cast-iron products to which, in 
whole or a part, such surfaces are given. 

A. R. BUFFINGTON, 
iv > Lieut. Col. of Ordnance Commanding. 
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DISCUSSION, 
SCUSSION, 
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Mr. Green.—Having lived for many years in the anthracite coal 
regions, and recognizing oxygen as nature’s great destroyer, and 
having had all my life much trouble with the oxidation of metals 
—in fact, it is the greatest trouble that I have ever had—I have 


broaght to present to the gentlemen of this society a couple of 


samples, in order that they might see how anxious we are to find 
some means to prevent it. If there are any gentlemen in this 
room who have lived for any length of time in the mining regions, 
and are acquainted with the mine pumps of the coal regions, it is 
not necessary for me to say one word. They know. But some 
of you do not know ; and I will show you some few little points. 
I exhibit a section of what we call a 12-inch column-pipe, which 
was taken out at Mine No. 4 at Spring Mountain, and through 
which the water of that mine had been pumped for three years. This 
is a cast-iron pipe, made from a mixture of one-half, tolerably hard 
No. 2 foundry, and one-half serap—a pretty hard iron. The joints 
were made of rings wrapped with cotton flannel and tar, and this 
one was put in without being protected. You will observe that 
that pipe, which was originally one inch thick, or a little over, has 
now become eaten by oxygen so that in certain parts of this pipe 
it is about an eighth of an inch thick and in another part about a 
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quarter of an inch thick. What happens in a mine when this 
state of affairs goes on? At the time when we want the pumps 
to work the best and the most water is to be handled, these pipes 
will burst, and before we can take out a pipe which weighs from 
1,200 pounds to two tons and put another one in, the mine water 
has risen up dangerously near or over the pumps and we are in 
trouble. Furthermore, the working parts of the pump, being 
subjected to this oxidation, are often so corroded as to be ren- 
dered useless, and we can truly say that the oxidation of the parts 
of our pumps is the terror of our lives. The funny part of it is, 
the trying part of it is, that all that trouble is caused by the pres- 
ence in the slates that accompany the coal in the mine (not in all 
coal veins, but particularly in the big vein, the Mammoth Vein E, 
out of which is mineu about one-third of our entire anthracite prod- 
uct) of these beautiful crystals of iron pyrites, of which I exhibit 
a sample. The mere presence of that pretty little thing in the big 
vein costs two cents a ton at least for every ton of anthracite coal 
that is mined, so that when ten millions of tons of anthracite coal 
are mined from that big vein in each year as now, two cents a ton 
makes two hundred thousand dollars a year. Chemists tell us that 
iron (Fe) and sulphur (S,) combine in different ways, and that it 
is only some of the forms which are liable to be broken up, releas- 
ing free sulphuric acid and leaving oxide of iron behind. It is 
where the separable forms are present that the acid water, flowing 
down the gutters of the mine and going into the pumps, makes the 
trouble. But there are further complications to be expected in a 
mining region where they pump mine water into streams. Where 
these streams used to afford beautiful trout the sulphuric acid will 
make them uninhabitable, and no fish will be caught there. 

When the decomposition is complete, however, in surfaces which 
have been long exposed to atmospheric action, there is no more 
acid to be leached out, and the water flowing from the mine be- 
comes fresh again. I know that in mines like the Big Mammoth 
Mine, in the upper levels it used to be so bad that it would eat up 
the pumps continually, but in time these upper levels became 
sweet again so that we could drink the water. I venture to say 
that I may catch trout in some of those now troutless streams 
again, after the mines are abandoned which discharge into them, 
as my grandfather did before the mines were opened. 

Those of us who have been in the coal regions, and have had 
this thing to fight from our boyhood up, have found out ways and 
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means—not to fight nature’s laws, for that we never will do—to 
flank this acid corrosion somehow or other. We will fix old nat- 
ure so that the pipe we put in shall maintain its integrity and 
perform the function for which we put it there. We take a sec- 
tion of pipe nine feet long, from eight inches to twenty-four inches 
in diameter, and weighing from six hundred pounds to two or three 
tons. We clean it off and heat it a light red, and put it intoa 
bath of asphaltum and coal tar, and give it a good dose of that. 
Now a great many would think that that would do; but that will 
not do, because exfoliation takes place under the coating. Now 


we will take that pipe and tar it, and then go to work and put in 
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FIG, 226, 


wooden staves all around it. Thosestaves are about an inch and 
three-quarters wide all round. They are driven in from both ends, 
wedged in place and sawed off square, so that then we have a pine 
lining in there, and an asphaltum back to that inside the iron, and 
that is about as far as we have gone yet. 

Mr, Davis.—I would like to show you one or two specimens of 
the additional results of Mr. Green's little oxidizer. (Mr. Davis 
exhibited some specimens.) The way those wrought-iron studs 
are put in to protect them from the action of the water is shown 
in Fig. 226. The pump valve proper is there shown and the 
leather washer; the stud is tapped into in the bottom plate. 
There is a recess around the nut to be filled with tallow, and a 
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solid bronze cap nut comes on the stud. Ina great many cases 
that answers the purpose. That eating away is not entirely a 
chemical action, but is to a very great extent caused by the 
mechanical action of the friction of the particles of sediment and 
dirt in the water. The chemical action of the acid softens the 
surface and the mechanical action of sediment cuts it away. We 
are making some experiments with a view to getting an enamel 
coating inside the pipes and castings that would make that action 
less. But I am sorry to say that our experiments have not been 
of long enough duration to prove anything definite. So far they 
have consisted of coating a core with a paste made of silica and 
sarbonate of soda and carbonate of lime and a little boracie acid. 
We coat the core with that about as thick as we can get it on, 
say ;; of an inch. In none of the cases in which we have put 
enameled castings in have they shown any signs of wear. IT hope 
at some other meetings to tell the Society more about it. 

Mr. Woodbury.—When nitre is heated the evolution of oxygen 
gas is very rapid, but if black oxide of manganese is mixed with 
it, the gas is produced at a slower rate, and perhaps the difficul- 
ties arising from the escaping oxygen would be abated if the black 
oxide of manganese was mingled with the nitre. It is quite pos- 


sible that it might affect the iron ; but, at all events, it would stop 
the rapid ebullition. 


Mr. Towne.—As a small contribution to what is said about the 
Bower-Barff process I may mention that I have watched some 
tests and found that while some articles treated by it stand wet 
weather very well, others, such as wrought-iron boat trimmings, 
subjected to the action of salt water and the weather, do not 
stand at all. The exposure of one season has in the latter case | 
destroyed the protection, and the metal had oxidized much worse — 
than if it had not been treated. 

The President.—How long has the process been in use in a prac- 
tical way in this country ? 

Mr. Towne.—I think the apparatus in Brooklyn has been there — 
some three years. 

The President —The test you refer to is a test of one year. 


(ADDED SINCE THE MEETING. ) 
Mr. Weightman.—An examination of the ring presented by Mr. — 
Green on the occasion of the discussion of the paper on Oxidation — 


_ of Metals, develops a quite interesting subject—viz., how it hap-— 


casting. At one portion the outside good metal remaining is only 
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pens that, the pipe being in a vertical position when at work, the 
ring of oxidation is not concentric with that of the original pipe 


an eighth of an inch thick, and this gradually increases to one-half 
an inch at a directly opposite point in the circle. 
Thus, as shown in the figure, at C, in Fig. 227, the oxidized 


Fig. 227. 


metal represented by the section lines is the thickest, and direetly 
opposite at J) the oxidized metal is thinnest. Another feature that 
may be noticed is that the parting line A 2 of flask or pattern is 
perpendicular to CD, or the center line of varying thickness of 
oxidized metal. From this defined state of affairs, and the fact 
that the pipe stood perpendicular while at work, we may conclude 
that there has been a gradual diminution of the density of the 
metal from the bottom, D, upward, or there has been an increased 
porousness of the metal from the bottom, D, upward. This vary- 
ing porousness would give varying chances for oxidation of the 
metal increasing from D at bottom to C at top. We may also 
conclude that the part C was at the top when cast, and /) at the 
bottom, giving increased density in proportion to depth of metal. 

Had the metal been of the same density or character through- 
out, the pipe would have lasted one-third longer, or in proportion 
to the varying thickness of oxidation at opposite points in the 
circle. It might be advisable to try casting these pipes under 
considerable head or under pressure of any kind, or casting them 
perpendicular, after gun methods. It is very clear that difference 
in metal had something to do in this case with the speed of oxi- 
dation or hasty giving out of the perpendicular pipe. 

It might also be well to try the effect of the nitre and manga- 
nese upon the insides of the pipes and under moderate penetrat- 
ing pressure, the pipe being heated to required temperature of 
the mixture. 
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THE TORSION BALANCE. 
BY WILLIAM KENT, M. E., NEW YORK. 


‘In the torsion balance proper the wire is stretched out horizontally, and sup- 
ports a beam so fixed that the wire passes through its center of gravity. Hence 
the elasticity of the wire plays the same part as the weight of tle beam does in 
the common balance. An instrument of this sort was invented by Ritchie, for 
the measurement of very small weights, and for this purpose it may offer certain 
advantages, but clearly if it were ever to be used for measuring larger weights 
the beam would have to be supported by knife edges and bearings, and in regard 
to such applications therefore (as in serious gravimetric work) it has no raison 
d’étre.”—Encyclopedia Britannica, 9th edition. 


THE above summary disposal of the torsion balance as having 
no raison d'étre may be placed alongside of the predictions that a 
steam-vessel would never cross the Atlantic, and that the electric 
light would never be subdivided. The impossible has become not 
only possible, but an accomplished fact. 

Several examples of the perfect torsion balance are exhibited 
herewith, ready for use, and your careful inspection and criticism 
is invited, so that you may form your own opinion as to whether 
or not they are the most perfect balances ever constructed, and 
whether it is not likely that they will eventually displace all 
balances made on the knife-edge system. 

Prof. Frederick Roeder, one of the inventors of the new torsion 
balance, who died in August last, was in his younger days a 
student at Gittingen. There he witnessed experiments made by 

_ Professors Gauss and Weber with tor- 
RQ \ \ sion wires as substitutes for knife edges 


in balances, but these experiments 
proved unsuccessful. Mr. Ritchie next 
made some elaborate experiments in the 
same direction with no greater success, 
as is mentioned in the article on Balances in the last edition of 
the Encyclopedia Britannica. 


Fig.157 


Prof. Roeder repeated the experiments made by his former 
teachers, and discovered that one of the causes of their failure 
was owing to the fact that the pivot wires were directly attached 
to the bifureated ends of the beam, as at a a, Fig. 157, and there- 
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fore could not be tensioned without bending these ends, unless 
the beam was so heavy that it would interfere with delicate weigh- 
ings. In order to avoid this difficulty Prof. Roeder made light 
frames, which were stiffened by the wires being tensioned over 
them (Figs. 158 and 158a). Fig. 159 shows the simplest arrange- 
ment of seale with three frames and a single beam, and Fig. 160 
a common counter scale on this system. 

~ Seales were then constructed with a single horizontal frame, 


RZ 


Fig.158a 
FRAME WITH WIRE 


one of the bands of which acted as fulerum, the other as pivot. 
(Fig. 1600.) 

Dr. Alfred Springer was associated with Prof. Roeder while the 
latter carried on his experiments in Cincinnati, and made many 
improvements in the system. Since Prof. Roeder’s death Dr. 
Springer continued developing the invention, and has brought it 
tothe state of perfection shown in the samples here exhibited. 
Their joint invention is fully protected by a number of patents 


Fig.160a 
LETTER SCALE. 


Fie. 160. 


in this country and in Europe, and several additional patents 
for modifications are still pending. 

The simplest form of torsion balance is a very light beam sup- 
ported at its middle point, which is also its center of gravity, by 
a stretched wire, the wire being firmly fastened to the beam. A 
weight placed at one end of the beam will exactly balance a weight 
at the other end. The sensitiveness of such a balance depends 
upon having the torsional resistance of the wire almost infinitely 
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small. This requires a very thin wire, and as thin wires, when 
stretched horizontally, are not strong, the balance can be used 
only for very small weights. Such a balance was Ritchie’s, men- 
tioned in the Lncyclopadia Britannica, and it was a total failure 
for large weights. If the wire is made large enough to have an 
appreciable strength, its torsional resistance prevents the balance 
being sensitive. This torsional resistance also increases directly 
as the are of twisting, up to the limit of elasticity of the wire. 

To get rid of the etfect of the torsional resistance in diminish- 
ing the sensitiveness of the balance was one of the chief ends of 
Messrs. Roeder and Springer’s efforts. They accomplished it in 
a number of different ways, but the simplest, and the one which 
will be most generally advisable to adopt, is the placing of the 
center of gravity of the beam above its point of support. In 
knife-edge balances such a placing of the center of gravity would 
make the beam top-heavy, or in unstable equilibrium ; the center 
of gravity would always tend to reach its lowest point, and tip the 
beam. In the torsion balance, however, this top-heaviness acts in 


the opposite direction to the torsional resistance of the wire, and 
may be made to entirely neutralize it. We thus have the torsional 
resistance exerted to keep the beam horizontal, and the high 


center of gravity tends to tip it out of the horizontal. The ad- 
justment of the position of the center of gravity so as to neutralize 
the torsional resistance is most easily made by having a poise 
placed immediately above the center of the torsional wire, and 
making it adjustable vertically by means of a screw and nut. 
When the torsional resistance is entirely neutralized, the balance 
becomes infinitely sensitive, and any smaller degree of sensitive- 
ness that may be desired may be obtained by simply lowering 
the poise. 

The advantage of the torsion balances over balances made with 
knife edges is almost self evident. Whatever advantage any knife- 
edge balance can possibly have, the torsion balance has. The 
disadvantages of knife edges are all avoided, and these are so 
numerous that the simple statement that the torsion balance is a 
balance that dispenses with knife edges is its best recommenda- 
tion. 

A good knife edge is difficult to make, and still more difficult 
properly to adjust in position. It is imperfect at its best and 
limits the sensitiveness of the beam by its friction. This friction 
increases as the edge wears by use, or is corroded by the atmos- 
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phere, or bruised or crushed by overloading, or as it becomes 
clogged with dust. The torsion balance is easily made and ad- 
justed, its action is frictionless, and ordinary atmospheric in- 
fluences or dust have no effect on it. 

The balances now on exhibition were made by Prof. Roeder and 
Dr. Springer in a small room in Cincinnati. A complete line has 
been built from an assay balance sensitive to yj sth of a milli- 
gramme to a platform scale of 1,000 pounds capacity, so as to test 
thoroughly the principle before beginning to manufacture for the 
market. Experiments are still in progress upon a variety of de- 
tails, and a number of new designs are being made. 


DISCUSSION, 


Prof. Webb—What should be a sufficient load on such a seale 
as that-—the largest safe load / 

Mr. Kent.—On this seale probably ten pounds would be a safe 
load, but I do not know what would break it, probably thirty or 
forty pounds. It is intended for a ten-pound strain. 

Prog. Webb.—Thirty or forty pounds might stretch it so as to 
be useless / 

Mr. Keut.—No; 1 think in the present state of the art, the first 
thing would be a giving out of the brazing of one of these wires, 
and they can be very easily replaced. There is a scale made with 
a double beam as large as that one in which a man can stand 
without breaking it. 

Mr. Woodbury.—It has been stated that the tension upon the 
flat wires of the piece passed around was regulated by means of 
the musical pitch of the stretched wire, although one side is 
slightly shorter than the other; there is a difference in the pitch 
of nearly a musical third on the piece sent around. 

Mr, Kent.—It is not necessary to have them exactly in accord. 


The testing of the tension by the pitch is only a convenient means 


of getting a tension far below the breaking point. The scale is 
not based on the principle of the torsional resistance of the wire 
at all. The wire only makes an axis of rotation. A piece of 
string or rope or anything that is firmly tensioned will do just as 
well, provided it supplies an axis of rotation. 

Prof. Swect.—If you had a string, Mr. Kent, it would not give 
you any element of resistance; it would not return. 

Mr. Kent —I do not care to go into that, because I have already 


THE TORSION BALANCE. 


made a scale with a string which will return to the center, but it 
is patentable, and I do not want to publish it. 
Mr. A. H. Emery.—This paper says: “ Your careful inspection 


and criticism is invited so that you may form your own opinions — 


as to whether or not they are the most perfect balances ever con- 
structed, and whether it is not likely that they will eventually dis- 
place all balances made on the knife-edge system.” 

Mr. Zimmerman read a paper before the Engineers’ Society of 
Western Pennsylvania, April 21, 1885, in which he speaks of the 
merits of this scale and its advantages over all others and its de- 
gree of perfection, ete. 

Mr. Zimmerman states in his remarks, I believe, that there is 
one which is a gift from Dr. Springer, now being used in Cincinnati. 
He has one in New York on exhibition which was examined 
by the Yale and Towne Manufacturing Co., and by several 
prominent engineers in New York, and was found to be sensitive 
to the one-hundredth part of a milligramme. 

I dislike exceedingly to appear in opposition to the claims of 
the paper just read, or to show the imperfections of work which 
is thus brought to us, and yet my duty to the Society and my 
relations to the scale business are such that it seems imperative 
that I should speak, lest by not speaking I may give occasion for 
an impression that I acquiesce in these statements which are put 
before you as facts. Some of these Iam happy to say are facts, | 
but others I am compelled to believe to be at least very consider- 
able exaggerations. In regard to the scales which were examined 
by me, I would say that Mr. Towne and myself were shown sev- 
eral of those scales in New York, and we were mentioned in a 
paper published by the parties in interest as among the gentle- 
men who had examined those scales, and in such a way that the 
public are led to infer that we fully coincide and agree with those 
statements made, which is not the case. We did sce the scales 
there, but we did not examine them, except as you have examined 
these by taking a look at them. But two of those scales were 
brought to Stamford. The first one was a scale similar in appear- 
ance and construction to this one—a five pound counter-scale, 
with a 16-inch beam. After that was tested, another was brought 
to us by Dr. Springer, called a prescription scale, which is a scale 
necessarily more delicate in some senses than the other, and is 

“somewhat different in construction; but the same general prin- 
ciples occur there which occur in this one. The gentleman who 


presented the paper in speaking of these scales, states that they 
were packed in a case, and that the case was dropped. The one 
which was brought to us corresponding to this is not in condition 
to withstand uninjured the shocks of freighting and ordinary use. 

In regard to the qualities of this scale, there are several things 
which enter into the scale which ordinary members of the Society, 
and even engineers do not have oceasion to find out. But those 
specialists who go into the use of scales technically and carefully 
have occasion to learn them. The difficulty is that the actual 
sensitiveness of a scale does not show its efficiency for use. For 
instance, on this scale, if we take off the counterweighting bob, it 
becomes, as has been stated, so stiff as hardiy to be a seale; that 


THE TORSION BALANCE, 


is to say, the least load it will show is so large that we do not 
recognize it readily. Now the center of gravity of the beam is 
raised above the center of its motion, which cannot be done with 
a knife-edge scale because it becomes top-heavy and tips over. 
But it is done here with safety and with great advantage to the | 
scale. It has been done by me in all of my scales, so that this is 
not new or peculiar to this scale at all; I do not know that it is 
so considered. But the center of gravity of the torsion balance | 
may be changed rapidly by raising the bob, to increase the sensi- 
tiveness of the seale. Now the ordinary need of commerce is, . 
that this scale should remain constantly sensitive. It does not 
require that it should be absolutely constant, but substantially so. 
The particular scale which we tested was sensitive to a movement 
of a quarter of an inch on the indicator by a load of six hundred 
milligrammes, or about nine grains. A third of that quantity 
would readily be detected, which would be three grains ; that is 
with the seale unloaded. The seale was loaded with three pounds, 
and then we got a movement of a quarter of an inch with a less 
load, and with five pounds we got a movement of a quarter of an 
inch with still less, so that with five pounds on, the movement 
would be readily detected by a careful observer—the movement 
caused by a single grain. Now we might have moved this ball up 
higher, and shown greater sensitiveness ; but such sensitiveness 


is of no use, because the scale has vagaries which cover the range 


of a grain by a great many-fold ; and therefore the sensitiveness | 
to the grain in that particular scale was of no sort of use. For 
instance, when the three pounds was placed on the platform in 
the center, and the load placed here to balance it, it varied from — 
pounds by more or less as it happened. The weight was 
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moved to the back of the platform, and the balance was dis- 
turbed by 2,900 milligrammes. The three pounds were then moved 
to the other side of the platform, and the balance was dis- 
turbed by changing that from minus to plus, or 2,900 more, 
making a disturbance of 5,800 milligrammes—a disturbance many 
times that of the sensitiveness of the scale sufficient to be 
seen, and a disturbance much greater than would be per- 
missible for a scale that claimed any werits of accuracy. Five 
pounds was then put upon the seale, andit was found to be somewhat 
more sensitive, as I said before. The five pounds when moved 
from the center to the back of the seale caused a large disturb- 
ance. The disturbance caused by moving that from the back to 
the front of the scale was a little over 10,000 milligrammes ; I do 


not remember just how much over, but it was sufficient to give us 
the one two-hundred and thirtieth part of five pounds. Now the 
scale showing a grain, as you can detect by carefully watching, 
with that load,would be showing a rate of sensitiveness of one thirty- 


five thousandth part its load. That, you see, is more than one 
hundred times, a great deal more than one hundred times, its rate 
of accuracy. So that the rate of sensitiveness is of no sort of 
use in a seale of that quality, I will not say of that kind, because 
I believe that kind can be made much more perfect. Dr. Springer 
afterward said, that the seale which he brought me had imper- 
fections, and he sent it to me again to show those imperfections, 
and on that showing he said that he could pull so hard here as to 
slip the fulerum plates in their seats ; but I must say in regard to 
that, that while that imperfection did exist, and he could slip the 
fulerum in its seat, this did not happen in the test I gave it, sim- 
ply sliding the load from one side to the other of the platform, in 
which operation the movement of the fulcrum in its seat did not 
oecur. But let us see what does happen which gives that great 
disturbance in moving the load from one side to the other. Now 
what happened was something which is due to the action of the 
band in every instance in which it could practically be used in 
this form of scale. But, before going into that, I would like to 
mention the test of the other scale which he brought us. That 
seale was for one gramme or one thousand milligrammes. He 
claimed it to be delicate to the thirty-second ofa grain. Now this 
scale would show a movement of the pan—there were two little 
indicators coming out from the platform, so that we ganged a 
smaller movement. Now this five-pound scale has no indicator, 
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and a movement of four or five hundredths would be a movement 
as little as we could expect to see readily, but the indicators of 
a small scale double the real amount and make it very discernible, 
so that a movement of two hundredths here and two hundredths 
there makes a separation of four hundredths, which we readily 
gauge with the eye. Now that would be caused by about two 
milligrammes. The two milligrammes would correspond to the 
thirty-second of a grain, and that is what the ordinary observer 
would get readily if he was careful. But I must remark here that 
that is two full doses of some kinds of medicines. That is a medi- 
cine scale, and the least thing we could detect there readily is, 
therefore, about two full doses of some kinds of medicines ; a seale, 
therefore, which I should assume was unfit for the use for which 
it was made. A load of one milligramme is one-thousandth part of 
its maximum load, 2 proportion which seems to me to be due to a 
class of scales which T call very coarse, rongh scales. Now as to 
how far that could be borne out, I will mention here that I lad a five- 
pound balance of Fairbanks—a little counter scale, with a beam 
about two-thirds as long as this, or perhaps not as much—I should 
say nine inches, and that scale shows readily a seven-thousandth 
of its load. To compare that scale with this, or rather, to compare 
this with the ordinary scale, after testing this, and while Dr. 
Springer was there, I worked a few minutes on that to see what 
that would do, and I found by putting five pounds on that as I 
had on this and shifting it from one fulerum to the other, the 
greatest disturbance I could get was about ;,';5; that is, that it 
was only one-fifth of the disturbance I got on his seale, which has 
alonger beam, and was supposed, therefore, to be a better scale. 
That is a scale, I will state, which I have used for about eight 
years with various loads from small ones up to five or six pounds, 
and it has had no repairs in all that time, and no adjustments, but, 
as I say, weighed in that condition after eight years’ use more than 
five times as closely as did this one. Reference is made in the paper 
to this scale as being good in that it has no friction. In that re- 
spect I must fully agree ; it has no friction. But I must disagree — 
when it is called the most perfect scale and the best form for the use 
of the fulerum. They have taken what seems to me to be an exceed- 


ingly bad form of fulerum, and which will account for these vagaries 
which we have detected in this test. Those vagaries occur for this 
reason—the fulerum which is stretched around this little casting is 


under tension for a length of about 5” in this scale. It consists of 
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a little band of highly tempered steel which could be made straight 

while placed in clamps and ground on the edges so as to be a par- 

allel piece of metal. But as soon as that piece of metal is relieved 

from its clamps, it ceases to be straight, and has to be made 
straight by repeated grindings, until finally it comes to be compar- af 
atively a straight band. As soon as it is strained up on its frame 
it will cease to be a straight band, and, therefore, when it is put 
under here, it is put under strains of unequal tension. Let us 
magnify a piece, conceiving it to be made up of a number of par- 
allel bands side by side. Now each of these little strips which we 
divide this into has got a different rate of tension, and that rate 
will change every time we grind it and strain it up again. Well, 
now, What happens from that? That beam here has cut into it a 
seat to put that band in, and it was said to us in the course of con- 
versation that Pratt & Whitney had stated that they could put 
those seats there to within one forty-thousandth of an inch, which 
for that scale would be considered entirely accurate, and the ad- 
justment of the plate is of such width as to just set in there. But 
when you come to take these bands, and suppose that they have 
been set absolutely to within one forty-thousandth of an inch you 
suppose what is a mechanical absurdity. They cannot practically 
be set at these points to within one or two or three thousandths of 
an inch. But supposing you set them with perfect accuracy, then 
the unequal strain which the different sections of the band are 
under, gives the center of action ofthese bands at some other place 
than the measured center existing in that band. ‘That is, the ful- 
crum center differs from the measured center, and we find that it _ 
does not correspond with the center of those bands, and there is : 
no means of adjusting it. But let us change the load on the scale 
by adding a pound to each pan, These strains have now all 
been increased but not with uniformity, and there is intro- 
duced a new series of strains, and we will have a new fulerum 
line different from the preceding one. When we set the load on 
one side here, we have one series of strains. When we set it on 
the other side, we have another series of strains; and so we have 
thrown that fulerum from one place to the other, oscillating about, 
and itis a very variable fulerum, the test showing that it has had 
large practical range of movement in the scale which was tried 
not a little distance of one forty-thousandth or a thirty-thousandth 

or a ten-thousandth, but a very large range of movement, as if the 
strain had gone far from one side of the band toward the other. 
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The same evil exists in the smaller scale, in kind; it is different 
in degree. Its bands there are smaller, narrower, more readily 
made of uniform tension; but it is the same kind of evil, and 
hence I shall expect to find the same kind of results. I have asked 
Dr. Springer to allow me to test his finer scale, although I do 
not think it has anything like the fineness claimed for it. In Mr. 
Zimmerman’s paper it is said that the scales being shown to us 
have a sensitiveness of one one-hundredth of a milligramme ; 
whereas the prescription scale had a sensitiveness of one milli- 
gramme, not the hundredth of a milligramme. 

Mr. Kent.—Did you test the assay scale or the analytical 
balance ? 

Mr. Emery.—No ; he promised to send that. 

Mr. Nent.—I1 think he refers only to the assay scale and the 
analytical balance. 

Mr. Emery.—He speaks as rf he refers to the prescription scale. 

Mr. Nent.—He made a mistake if he did. 

Mr. Emery.—1 suspect that the analytical scale to which Mr. 
Kent refers is a very much finer scale ; but, as I said, I have not 
yet had the opportunity to test it, although Dr. Springer has 
promised to send it tous. But it will be subject to these two evils— 
evils which to my mind must destroy the torsion band seale as an 
instrument of precision, not as an instrument of use, because it 
may be useful and sufficiently accurate for many purposes; but I 
should not consider it sufficiently accurate for my purposes. In 
regard to the delicacy of this scale, the center of gravity is raised 
above this to overcome the resistance of these bands. Now if 
you take that band and put it in a straight line and fasten it to 
the two ends of the straining frame, it is clamped practically by 
its own tension, and we will find that bar undergoing strains of tor- 
sion due to the bending of the beam very readily. It has been said 
that it need not be elastic resistance. It must be. If it is not 
elastic resistance, the scale has friction. 

Here is a thing that comes in, however. When the band is 
strained up with the load originally put upon it, that has one 
strain of tension. When the band is afterward loaded by 
these beams and its connecting parts, and these platforms, it 
has another strain upon it which is quite different. When we add 
to each pan a pound, it has another strain on it which is still dif- 
ferent, and if we go on until we have about ten pounds on each 
side of the scale, in the proportion in which these bands were 
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brought to us, and in the position of sag which they had, they are 
strained up at that time with aload of about 90,000 per square 
inch of section, which is a pretty high load for a working load, 
when you consider that a man in putting on five pounds may be 
giving a shock which will bring a strain on this band more than is 
vaused by laying on ten pounds. That load, as I say, is exces- 
sively high. Now, the load increasing, the strain of that band 
increases rapidly. Suppose this sag is increased as it is by the 
stretch of the band, as you load this more the resistance is in- 
creased in a greater degree. The band wants to draw _ itself 
straight over these lines, and as the load is increased it wants to 
insist upon it, and its resistance therefore is rapidly increasing. 
The balance weight here does not overcome that. This remains 
at a constant position whether you put on a small load or a large 
one; so that if these three fulerums were put on one plane the 
scale would increase in stiffness fapidly as the loads were in- 
creased, That is, as the strain is increased on these bands rapidly, 
the sensitiveness of the scale would rapidly diminish. In this 
scale the load is doubled or even trebled—the initial load on the 
bands due to the load here, and therefore there is a large increase 
of strains and a large difference of sensitiveness. But if you have 
one pound here you have one degree of sensitiveness, when you 
have three you have a greater, and when you have five you have 
still greater. This control over the sensitiveness of scales would 
be a desirable thing, but I must add that placing the centers not 
on the same level with these plate fulerums has been claimed after 
careful examination in the Patent Office by other parties, and 
claimed broadly, so that in this scale it cannot be used. It would 
be subject, therefore, in the ordinary commercial use under that 
patent to be restricted to putting those on a level, which will 
sause the scales to increase in rigidity or stiffness as the load is 
increased. Now, as regards the real fineness of the scales, I may 
be allowed to state that when Dr. Springer was at our place, 
I took him out to the shop and showed him a platform, a square 
one, about sixteen inches, in a little testing machine we have, 
where we carry a load of sixty thousand pounds, and on which a 
tenth of a pound gave the same movement of the indicator as did 
a milligramme or a thousandth part of the maximum load on his 
prescription scale ; that is, his prescription scale showed for a thou- 
sandth part of its load a movement of indicator which was equal 


to the movement of our indicator in this testing machine where 
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the load was ;!; of a pound, which was gys\jo9 of the load the 
scale was made to carry. They can hardly be considered, there- 
fore, as of the same degree of sensitiveness. Now, there is in 
this machine another platform of the same size, and another twice 

as large. They are put in different positions ; but the one that is 
twice as large is used where the load which is to be weighed, 
when we want to know pretty closely, goes up to one ton. The 
ratio to the other parts is seventy to one, so that the sensitiveness 

is seventy times as great—seventy to one. And I may state here, 
that while we weighed five pounds on the scale of Dr. Springer, 
once in front and once at the rear of the platform, that is the load 
that the scale is intended to carry—five pounds—the difference in 

the two weighings was ;1, part of the load. We had oceasion to 
weigh three, ton-standards last week. We weighed each of them 
four times and in an open room where the wind was acting on our 
indicators and on these large platforms, and the drafts caused a 
very considerable disturbance, a number of grains, perhaps thirty 

or forty or fifty grains at times, but in weighing the ton of two 
thousand pounds we were weighing 14,000,000 grains—the ton 
was weighed in each of those cases four times with a maximum 
difference between the lightest and heaviest weighing ofaboutone = 
hundred grains. Now, here is a maximum difference in the five 
pounds here twice weighed of about 150 grains. We had a maxi- 
mum difference of the ton on that scale weighed four times of a 
hundred grains. So that that scale weighed the ton weight more 
accurately—not relatively, but absolutely—with greater accuracy 
than did this five-pound scale weigh its five pounds. That would 

be four hundred times the rate of fineness of thisone. Now, to 
come down to really fine seales, we will not consider what this | 
analytical seale may be, which, I have no doubt, is finer than 
these scales of his which we tested, but I have no reason to sup- 
pose that it is as fine as they claim it to be by a great deal from _ 
what I know of seales, and if I judge it by comparing their claims 
for those tested with the actual results we obtained in their tests, 
Ishould not expect to find a very good or fine scale. The scale 
which I will call attention to is one of my own which I arranged 


for weighing some standard weights a few years ago where the 
weights did not run toa ton as they did in this case last week, but 
to 200 pounds. I omitted to say that I showed Dr. Springer 
where we had one platform about twice the size of that, and another 
one about five times the rate of seusitiveness as the one where we 
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weighed a ton, on which last-mentioned platform we weighed 
500 Ibs. That scale shows distinctly a grain with 500 pounds on, 
and two grains there causing a movement equal to that caused by 
a milligramme on his little prescription scale, so that you ean stand 
five feet away and see two grains distinctly shown on the scale 
which weighs 500 pounds: 500 pounds is 3,500,000 grains, and 2 
grains would be ;s)ee0 of the load. But in the seale which | 
arranged for weighing my standards, which were to be standards 
not for use in the shop, but standards for making standard weights, 
I rigged the balance so that with 200 pounds on the fulerum thie 
scale would show distinctly ,4, of a grain or ~~, of the 
load. Two hundred pounds was weighed nine times, and the 
maximum difference between weighing it pine times—-that is, the 
difference of weights, between the heaviest weight so recorded 
and the lightest weight, was one part in 2,350,000. Now, if we 
take the fineness of the scale, we find it to be ten thousand times 
the fineness of the five pounds’ counter seale of Dr. Springer. 
I think I hardly need say more in regard to the fineness and 
the merits of these scales, with the exception of one point upon 
which I would like to touch. It is stated that this scale is in- 
destructible practically by acids, or, in precise words, that it was 


uninjured by overloading, and that it was uninjured by corrosion 


until the corrosion got clear through the plate. Now, referring to 
this diagram, you remember that these plates are under unequal 
tension. If by some means or other they had got them under 
equal tension and the acid got to work and cut unequally, then we 
should have unequal tension from that source, and then this would 
become a scale of error instead of an instrument of precision. 

Mr. Hawkins.—It seems to me that the mere placing of the 
counterweight so as to have it in position to bring the center of 
gravity at all times high enough to overcome or equilibrate the 
torsional resistance of the wire or band is defective, and for the 
following reasons. The paper states that the torsional resistance 
increases directly as the are of twisting; and the supposed com- 
pensating action of the weight is evidently based upon that as- 
sumption. 

Now, I think that we all know pretty well that a wire or band 
of that character offers torsional resistance in proportion to the 
are of twisting only when it is not under tension ; but, if it is 
placed under tension, then its resistance to torsion must increase 
inamuch greater ratio; and, as in the specimens shown, their 
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torsional members are in the form of flat bands, I think it applies 
still more strongly to them than to the round wire, because the 
band may be considered as equivalent to being made up of a 
series of such wires side by side, all of which, except the central 
one, receive, besides the actual twisting about their axes, a trans- 
verse bending at the points of application of the beam to them 
and of their application to the truss or frame; and the greater 
this bending becomes, for the outer parts of the bands, the wider 
the bands are: so that the act of torsion of such a band is, for 


several reasons, not to be compared to a round wire twisted when 
either under or not under tension. But no one will contend for 
a moment that even a round wire will resist torsion proportional 


to the are of twisting, if it be either under tension or so confined 
at the ends that it cannot shorten as the twisting is performed, 
as, under the latter circumstance, the act of twisting must either 
shorten it or bring it under tension. 

In every example shown or described, the wires or bands are 
not only so held by the ends as to prevent shortening by the act 
of twisting, but must necessarily be under more or less original 
tension. 

If it be understood, then, that these wires or bands must offer 
resistance to torsion in a greater ratio than proportional to the 
are of twisting, because they are either brought under tension by 
the act of twisting, or because any original tension they may have 
must in the same way be increased, it follows that an increase of 
tension in them from any other cause must still further cause 
them to depart from the conditions assumed in the paper. Thus 
the placing of any load upon such a scale must increase the ten- 
sion, and, therefore, the resistance of twisting; in which case, if 
the scale could be so arranged or adjusted as to position of the 
counterweight as to be in stable equilibrium, with the beam hori- 
zontal or at any given are of twisting, the imposition of the load 
must destroy this adjustment by increasing the tension on the 
wires or bands, and require the readjustment of the weight for 
every change in the load. 

But the fact that such a band or wire cannot, under any cireum- 
stances shown or explained, resist twisting exactly proportional to 
the are of twisting is not the only thing which must interfere with 
the correct action of this counterweight in compensating the tor- 
sional resistance : the weight placed above the beam, itself de- 
scribes an are equal to that of the are of twisting of the wires or 
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bands; and the gravitating action of the weight is not propor- 
tional to the are described by it, but proportional to the cosine of 
that are. While this variation is very small, it is in the wrong 
direction, it being a diminishing quantity for equal ares, while, as 
shown above, the resistance to twisting of the wires or bands is 
not only an increasing quantity without load on the seale, but 
increasing additionally in some function of the load applied. 

Under these circumstances, it would seem to be impossible so 
to place the weight, in the first place, as exactly to equilibrate 
the torsional resistance of the wires or bands at any point, except 
that of horizontality of the beam or where there is actually no 
torsion, if the torsional resistance of the wires or bands is at any 
given are to preponderate sufticiently to restore the beam to a 
horizonts) position. Immediately that the beam departs from 
the horizontal, the increasing resistance to torsion will be greater 
than the diminishing effect of gravity upon the weight; and the 
preponderating load in the seale pan will be incorrectly indicated 
at any are whatever just to the extent of the disparity at the 
given are between the gravitating effect of the weight and the re- 
sistance to twisting offered by the wires or bands. If any are 
should be chosen at which the gravitating action of the weight 
shall exactly equilibrate the torsional resistance of the bands or 
wires, then the beam would not be restored to horizontality ; 
because, for any lesser are, the gravitating action of the weight 
must preponderate, and the beam could not be in horizontal 
stable equilibrium. 

Mr. A. Il, Emery.—In regard to the fulerum changing and 
growing stiffer owing to the tension, [ remarked that as this band 
was drawn down under heavier loads that it did grow stiffer. If 
that band were straight, and we consider its neutral axis while this 
band was going down, one side would be going down but the 
other side would not go down so much, and if it was level the 
change there would be like to the change here. That would com- 
pel it to take on a tension due to that torsion. Now, if the ful- 
crums spring down, and we consider the front side of this band 
as toward us, and we stand at the center of the scale and the 
pan is moving down relatively, the nearer side of the band will be 
going up and will be decreasing its tension, while the farther side 
will be going down more rapidly and increasing its tension, giving 
a different action and a different fulerum length from what we had 

in its higher position under the strain produced by the smaller load. 
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Mr. C. BE. Emery.— i would like, as a matter of interest, to ask 
of the last speaker which form of apparatus was used for the 
sensitive scales. Were they on springs ? 

Mr, A. I. Emery.—The scale that you refer to was the one 
we used for testing our hydraulic supports. It is not an hydraulic 
scale ; the first fulerum is a plate, ;y of an inch thick and 4, wide, 
inserted ,',°, at each side, leaving ;j of an inch free exposure. 
The fulerum on the platform here first mentioned carries loads of 
60,000 pounds. When you load the hydraulic support, then the 
fulcrums in the system are under compression. The fulcrum that 
supports the beam is under compression likewise ; and the one 
which suspends the platform on which the ton was weighed is 
also under compression. This latter has a fulerum about ;35 of an 
inch in thickness, and consists of two parts separated about 15 or 
18 inches, a couple of rods running down to support the platform. 
All the fulerums are under compression until you get to the ful- 
crum which suspends the balancing weights. Those fulerams 
which receive the loads directly and also on the second beam are 
all under compression. There are no tension fulerums on that 
scale until you get the one that suspends the small weights which 
balance those loads put upon the main platform. 

Mr, C. E. Emery.—That hydraulic support you speak of is not 
a part of the scale? 

Mr. A. I. Emery.—That is a part of another scale we were 
testing incidentally. This would have received its load from the 
action of the hydraulic press forcing the load down on to » 
hydraulic support merely to give it load, and that load being 
weighed by vhat I term this plate fulerum scale. If you will 
look at these fulerums you will see they consist of a piece of steel 
set directly in this massive beam, something which is exceeding- 
ly simple compared with a bridge truss, sufficient in length to get 
delicacy of action and sutticient in strength to support on that 


long bridge 60,000 pounds. It would become a very massive 
structure in a torsion balance, and when it was said that it was 
contemplated to use this plan in testing machines, I considered 
that the speaker could not have sufficiently contemplated the 
problem. 

Mr. Kent.—I will first reply to Mr. Hawkins about the point as 
to the increase of torsional resistance with the arc. I am not cer-_ 


tain about the increase of torsional resistance with the increase of 
tension of these bands. Mr. Emery holds, I believe, that it is true ;— 
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but I have not investigated that problem so as to answer definitely 
at present. But as to the other statement made by Mr. Hawkins 
that the torsional resistance increases uniformly as the are, while 
the effect of the weight increases at a decreasing rate with the sine 
of the are, is entirely correct. It is fortunate for the torsion bal- 
ance that it is correct. In all these scales the ares of rotation are 
only two or three degrees at the farthest, so that the total amount 
of variation from the perpendicular would only be a very small 
quantity, and for such small ares the sine of the are is practically 
the same as the are itself. It is the same as the are itself at the 
beginning. We have the weight here tending to fall—its tendency 
to fall increasing as the sine, but the sine does not increase as 
rapidly as the are increases. If it did increase as rapidly, or a 
little more, then the weight of the poise might soon preponderate 
over the resistance, and the scale would become top-heavy. As 
it now is, the weight and the resistance being nearly balanced at 
the beginning, the torsional resistance of the wire becomes the 
greater as the are increases, and tends to bring the beam back 
to its middle position, which is a very fortunate thing for the 
balance. 

In regard to the remarks of Mr. Emery, I feel flattered that this 


criticism has been drawn out from one who has made a specialty 


of the subject of scales and testing machines for a great many 
years, and who perhaps stands at the head of his profession in the 
world to-day, in the making of fine weighing apparatus. We all 
know the history of the Watertown testing machine, and that some 
of the best mechanical engineers of England said that if they had 
seen it on paper only they would have said that it was impossible 
to build it; that there did not exist in the world the mechanical 
refinement necessary to build it. The Watertown machine exists 
because it is the perfection of inechanical workmanship, and prob- 
ably would not exist if it had not had such workmanship brought 
to it. The difficulty there was in building that Watertown testing 
machine we all know, and that it cost its inventor more than 
$100,000—for which, I am sorry to say, he has never been re- 
paid—and that when after years of labor it was completed at last, 
it was a machine with about a million pounds capacity, and by far 
the most perfect machine of its kind in the world. 

The original inventor of this scale, Professor Roeder—he is 
dead, I am sorry to say—was a chemist, and not a mechanical 


engineer. Dr. Springer is also a chemist. They hired a model- 
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maker mostly accustomed to do fine brass work. Professor Roe- 
der, Dr. Springer and that model-maker were the only three men 
who ever had anything to do with building scales. Is it any won- 
der, then, that they are very imperfect as samples of workmanship 
and disappoint an expert in such matters? 


Yesterday I made a test of that candy scale in the same man- 
ner as Mr. Emery did, and I got somewhat different figures. 
He got an error due to the placiug of that weight on one side 
of »4,5 of the load. The candy seale is a much better scale 


than the one he tested. The error in placing four pounds 
on that seale as far eceentrically as I could without its 
falling over was yj,th. Placing it eccentrically in the opposite 
position, the error was x;'s9th. The error due to elevating one end 
of it 4; of an inch was one part in 2,560. Each of these errors 
was an error that could only be made by a man weighing with 
gross carelessness. No man places a weight on a scale so far ec- 
centric that it will almost tumble. No man raises a scale ,4, of an 
inch out of level. The seales, when built as they should be built, 
would be adjusted first on a level table. Then when you put the 
scale on a table that is not level, all that you have to do is to ad- 
just it by screws, and by manipulating these screws you have a 
better level than almost any other level in existence. The scale 
itself is a leveling machine. Criticisms have also been made of 
the method of construction of this machine and the necessity that 
these errors should always happen in this machine. These may 
be very just criticisms of the particular type of scale tested in 
Stamford, this ten-pound grocery scale, a very imperfect piece of 
workmanship, but in numerous other scales all the errors thus 
criticised are absolutely avoided. 

The statement is made in the paper that “several examples of 
the torsion balance are exhibited herewith, ready for use, and your 
careful inspection and criticism is invited, so that you may form 
your own opinion as to whether or not they are the most perfect 
balances ever constructed, and whether it is not likely that they 
will eventually displace all balances made on the knife-edge sys- 
tem.” After all that has been said, I see no reason to withdraw 
that statement if you will put the limitation in it that each is the 
most perfect scale, fur its purpose, ever constructed. For instance, 
this tea scale is the most perfect tea scale ever constructed. Do 
not compare this scale, made for weighing tea, with the Water- 
town testing machine. | 
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Mr. Emery did not test any of the torsion scales in which the 
pans are suspended from the beam. In these the effect of the ec- 
centricity of the load is entirely eliminated. It is upon this prin- 
ciple that the assay balance is made, which is said by Dr. Springer 
to be sensitive to the ,}, of a milligramme. Chemist’s scales are 
also built on this plan. Dr. Springer informed me that one of the 
analytical scales built by him three years ago, and at work ever since 
in one of the universities of Ohio, and used by the students, has 
remained more sensitive and more accurate than a scale which he 
imported from Germany at a cost of $200. 

Great stress has been laid upon the errors of this band due to 
the internal strains in it, and due to the crookedness which will 
follow an attempt to grind these bands parallel. They are not 
made by grinding, and I do not believe ever will be. They are 
made from a round wire which is drawn repeatedly from a steel 
ingot. I would like any one to prove that a round wire drawn re- 
peatedly from a five or six-inch ingot of a twenty-inch ingot, if 
you please, is going to have its center of strain any reasonable dis- 
tance from its center of figure. Prove to me, if you will, that it is 
one-millionth of an inch out of the center. I think it would be 
harder to prove that than to prove the negative, 

I think the best analytical balance to-day in the world is the tor- 
sion balance, which has been exhibited by Dr. Springer. If there 


is one balance finer, it is his assay balance, a small one, which, he 


says, is sensitive to 9}, of a milligramme. 

Now, having referred to what I believe to be the best scales for — 
their uses in the world, I will show you the worst torsion balance 
in the world. I inade it myself last night, and I will end this re- 
ply with this letter balance which I submit to yourinspection. (Mr. 
Kent here exhibited a letter scale, putting the pieces together as he 
spoke, and showed that it was sensitive to ,}y5 of an ounce, while 
its capacity was one pound.) 

There is one criticism Mr, Emery made about the strain in the 
wire when the balance is loaded to full capacity being 90,000 pounds 
per square inch. He told me how he figured it, and I found two — 
mistakes in his calculation, which divides the 90,000 by 4. 
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CLXXXIL. 
BARLY EXPERIMENTS INVOLVING THE FLOW OF 
METALS. 


BY W. E. WARD, PORT CHESTER, N. Y- 


Forry years ago, the physical properties and characteristics of 


metals were less understood, in some respects, than they are now; 
and it followed that the less elaborate technical knowledge of that 
period had to be supplemented as far as possible with superior 
practical skill. It sometimes happened, because of inexperience, 
that the qualities of metals which are rightly regarded as the most 
useful and indispensable to the great majority of industries, seemed 
to be, in exceptional instances, almost fatal to the complete success 
of others. Experts in wire-drawing were not blind to the fact that 
the possible extreme reduction in section of rods while passing 
through the die plate, was due to their malleable and ductile quali- 
ties. When the same kind of metal was subjected to intense com- 
pression, it was observed that its cohesive integrity was equal to 
sustaining, without rupture, a limited lateral displacement quite as 
uniformly as it did the tensile strain required for drawing into wire, 
as had been familiarly illustrated in upsetting the heads on bolts 
and rivets, which is a test of the severest kind on the fibrous struct- 
ure of metals. The significance of these now well understood 
characteristics of some metals, did not appear to induce any special 
inquiry, or awaken an interest equal to their importance, unti] M. 
Tresea, of Paris, became engaged in conducting a series of careful and 
exhaustive experiments, with the view of determining, if possible, 
the law now known as the “ Flow of Solids.” A report of his 
labors was presented in a lengthy paper to the Institution of Me- 
chanical Engineers at their meeting in Paris in 1867. This inter- 
esting report embraced the results reached by him in experiment 
ing with lead disks under compression in a variety of ways, as 
well as with ceramic materials. He furthermore subjected heated 
wrought-iron disks to similar tests and observed, that in all the 
materials employed in his experiments the tendency was invariably 
to flow “in the direction of least resistance.” The conclusions of — 
Tresca, reached by his own methods of original research and patient 
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labor, gave some little importance to a feature developed in a 
series of experiments made by the writer as early as 1845—the first 
stages of which involved such a sharp contest with the flow of 
metals as completely to defeat the success of a novel machine, 
which was designed and constructed for the purpose of heading 
long countersunk screw blanks and rivets in solid dies. The 
device employed for holding the dies (four in number) was an 
indexed roulette, which was actuated in the usnal manner. The 
half revolution rest-periods peculiar to the common roulette move- 
ment, among other promising advantages, permitted, while at rest, 
the feeding of the wire for the blanks at one point, the heading of 


a blank at another, and the discharging of a headed blank at a 
third point simultaneously ; so that nearly all the movements in the 
machine favored the use of eccentric motions, to the exclusion of 
cams, Which simplified construction and resulted in harmony of 
movement. But when making a practical test of the machine it 
was soon discovered that the headed blanks were so firmly upset 


and fixed in the dies that a resistance almost insurmountable was 
presented to the mandrel provided for discharging them from the 
dies. A further and even more serious difficulty appeared in the 
bursting of the dies during the heading process ; although they were 
1$ inch in diameter by 1} inch long, and the wire used no larger 
than No. 3 wire gauge—yet with the most careful tempering, they 
failed to withstand the lateral strain involved in heading counter- 
sunk blanks, The cause of the trouble was not clearly revealed, 
until a number of blanks were made designedly in a die which had 
been burst in this manner, all of which showed a thin fin or spine 
of metal which had been forced out from the sides of the blanks 
during the heading operation, into and along the whole length of 
the fracturein thedie. The question then confronted was, whether 
such a fracture could occur under the amount of compression re- 
quired for heading a screw blank, and a lateral flowage of metal 
follow into the fracture, unless the metal operated on was subject 
toa law that controls alike substances of every material consistency, 
whether solids or fluids. From the evidence furnished by the 
results of the experiments, there seemed to be but one reason- 
able conclusion, which was, that, as a rule, the movement of 
solids analagous to liquids under compression, will at some defi- 
nite extreme, react on a lateral barrier to their movement with 
the same persistence (less the difference in friction) as they 
exert in the longitudinal directions. The dies containing the 


| 
| 
» 


EARLY EXPERIMENTS INVOLVING THE FLOW OF METALS. 657 


blanks during the heading operation rested solidly against an im- 
movable, hardened steel block, which sustained the longitudinal 
thrust resulting from the heading movement. As there was no 
relief to the die under pressure after the limit of space for the 
blank in the die, had been filled up, the lateral strain within the 
die beture the completion of the heading, was so much in excess 
of its resisting capacity, that the bursting of the die under the 
circumstances was just as inevitable as the bursting of a hydraulic 
eylinder when loaded beyond its ultimate limit. The practical 
remedy was within easy reach when the cause of the difficulty had 
been made clear; and when the question had been reduced to a 
matter of mechanical device, it was not long before a simple and 
effectual way opened which led to final success. The conditions 
simply required that a relief movement be provided in order to save 
the die from excessive lateral stress during the severest part of the 
heading operation, To accomplish this it was necessary to intro- 
duce a new order of mechanical devices, such as would invariably 
give the required relief to the dies before the breaking strain was 
reached. The main feature required in the mechanical improve- 
ment was the employment of a mandrel actuated by an adjustable 
cam in combination with a single stationary solid die, mounted in a 
suitable frame so as to perform the triple duty of transferring the 
blank to the die and supporting it while it was being partially headed, 
and finally discharging it when the heading was completed. This 
arrangement required that the centers of the hole in the die, the 
mandrel, and the heading punch should all be located upon a common 
axis. When the wire for a blank had been fed in the machine and 


gauged to the right length, it was then cut off and transferred by 


a simple device to the rear end of the die, and in line with the axis 
of the hole where it was met by the mandrel, ready to move for- 
ward in the same axis. This movement of the mandrel carried the 
wire blank into and far enough through the die, to supply the exact 
quantity of material required for forming the head on the blank at 
the opposite end of the die. At this stage of the operation the 
most important function of the mandrel was called into play. 
During the period of rest, after transferring the wire blank to be 
headed into the die, the end of the mandrel then constituted the 
temporary seat for the shank end of the blank to rest against, and 
it was timed at this point to remain stationary long enough to sus- 
tain the heading pressure required from the opposite side, to form 
a bulb of metal of sufficient size to make a full completed head on 
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the blank. This accomplished, the mandrel retired out of the way, 
while the heading movement continued until the head was finished 
at the end of the stroke; then, as the heading punch receded from 
the face of the die, the mandrel again returned and performed its - 
last function of discharging the blank from the die. It is clear, 
that by this method no serious lateral pressure could be exerted 
during the formation of the bulb; and it is evident that any sur- | 
plus metal in the bulb, not required for making the head, flowed P 
harmlessly back into and along the line of the shank, thus saving 
the die from all danger of bursting, and from the difficulty encoun- 
tered in the first experiment in discharging the blanks after they 
were headed. It furthermore made the way easy and practicable to 
head screw blanks and rivets in solid dies at least three inches 
longer than had been possible heretofore by that method. By far 
the most interesting feature developed in the experience, was the — 
discovery of the cause which had defeated the first experiment, and 
which so readily snggested the means by which all that remained 
questionable in the problem could be disposed of. It furthermore 


indicated, that as a fundamental principle, there is a constant ten- 


dency in substances when yielding under compression, to flow “in — 
the direction of least resistance.” The illustration of this tendency 


as witnessed in the partial upsetting and final distribution of metal 
under compression in solid dies, afforded good ground for conclud- 
ing that the same tendency was discernible in the results of other 
mechanical agencies employed in changing the forms of malleable 
metals, whether through a system of cold or hot rolling, forging, 
or through any other appliance by which they are forced from 
one form another. 


a? 
DISCUSSION. 


The President.—This paper, presented by Mr. Ward, 
in an exceedingly practical way the fact that solids, as well a 

fluids, will seek relief from pressure in the direction of the oe 

resistance. The paper further illustrates the fact, that there is a 
_ degree of compression that may be brought to bear upon metals, 
which will force the metal into the pores of the wall of the matrix, 
or die, in a manner in effect amounting to a weld. There is an- 
other, and a very important feature eoanected with the flow of 
metals under pressure, especially where, as in the case cited by Mr. 
Ward, the flow is in the direction of enlarging the metal beyond 
its original size, as in upsetting it; and that is, the marked change ~ 
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that takes place in the structure of the metal when compressed, as 
compared with the same metal under tension. This is, however, 
a very wide field, and possibly Mr. Ward intentionally avoided 
letting down the bars, and thus inviting discussion in that diree- 
tion. I think there are members here who have had a good deal 
of experience in dealing with the various metals, and that we may 
expect an interesting discussion on this paper. But, while I think 
there are many here who can discuss it intelligently, there are very 
few who can antedate his experiments. I should be very glad to 
hear from any member present of his experience in that direction. 

Mr. Durfee.—1 do not know that I can say anything that will 
interest the members in regard to the particular kind of flow that 
is described in the paper; but there is a problem involving the 
flow of metals which I think has never been properly investigated. 
I certainly myself have not had the time or the opportunity to de- 
vote to it, and I will illustrate by means of a rough sketch the 
problem that I have in mind. If we have two rolls, R, R, as in a 
rolling-mill, and a mass of metal (A, Fig. 

213) passing between them—its move- 

ment being in the direction of the arrow 

—the metal will pass out from between 

the rolls reduced to a certain smaller 

cross section, but increased in length. 

I do not know myself of any authority ria. 219 
that states with precision how much \gZ 
faster for a given rate of reduction the 

issuing metal moves than the periphery of the rolls, whether it | 
moves any faster; or at just what point of the are of contact BC 
between metal and rolls the flow of the metal is equal to the 
movement of the periphery of the rolls. It is a very interesting 
question that has to do with the reduction of metal by rolls for 
plates, rods, beams, rails, and, in fact, all shaping of metal pro- 
duced by rolling. 

Mr. A. H. Emery.—I would like to show one point in regard 
to the flow of metals which was presented in the Watertown 
arsenal experiments, in the bursting of cylinders called gun blocks. 
Those cylinders were 11 inches in diameter and 22 inches long, — 
with a bore 3.3” in diameter. They were all filled with beeswax 
10” deep. The steel plunger which pressed upon the wax in this — 
case had to be hardened, inasmuch as it flowed ont laterally and | 
filled the cylinder tightly, so that it was very difficult to remove 
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it, in the first experiments before it was hardened. At the bottom 
of the plunger it was turned down to a small diameter; I should 
say about 2 inches, and around that was placed a little copper cast- 
ing, dressed cup-shaped to act like a packing, and fitted on the end 
of the steel plunger. Its shape is shown in Fig. 228. The press- 


ures are carried on these cylinders up to 90,000 pounds per square 
inch. (In the bottom of the bore under the wax were placed 
cast bronze blocks about 1."5 long, of a diameter 3.3” to fill the 


bore.) The bronze blocks at the bottom of the wax were increased 4 


in density by the compression by 6 or 7 or 8 per cent., owing to 
the cavities, I suppose, which were filled up under this pressure. Ae 
This copper packing, however, took this action—as the wall of the 
cylinder separates from the plunger under the elastic action of the 
cylinder, the pressure being high, there is a little opening made 

at the corner of the plunger, between that and the wall of the | 
cylinder. The result was that the upper corner of the packing ring 
at a flowed up into this opening, and when the test was done 

the copper cup was about the shape shown at the right of the cut, 
This lip at is very much decreased. The lip is now mainly on the 


or three-thousandths of an inch in thickness, while at its bottom 
part it might be six or eight-hundredths thick, and ten or twelve 
hundredths of an inch long. The copper really must have flowed 
in there at the outset with an opening of a very few thousandthis, 
as at the upper edge of this lip at a the space is only two or 
three-thousandths thick as it stands, showing that the copper would 
probably flow through an opening of a thousandth, or half a thou- 
sandth, or a quarter of a thousandth of an inch, provided it had 
sufficient pressure. I made some experiments at Chicopee in press- 
ing lead through holes or grooves. I have had an opening of that 
kind of one two-thousandths of an inch wide, and forced the lead 
right up into it three or four-hundredths of an inch, thus forming 
a ring this thickness and width. 

Mr. Durfee—There is one illustration of the flow of metals 
that has occurred to my mind since I was on my feet before. It 
takes place in the manufacture of metallic cartridges. You all 


upper side, as at a’, which at the end is not more than two ’ 
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know, those of you who have examined a metallic cartridge, that 
it has the general shape of a champagne bottle (Fig. 214). The 
form of the cartridge before it assumes this final shape is 
cylindrical, and by suitable mechanism the part A B un- 

dergoes an “upsetting” process, the metal being thick- 
ened and the diameter of the cartridge reduced, and this 
is accomplished so perfectly that the cartridge is per- 
fectly smooth throughout its whole surface. The metal, 
of course, along the upper part of the cartridge must 
be very severely upset. It is very thin; I cannot pretend 
to say how thick it is;* but it is not much thicker 
than an ordinary piece of brown paper, such as is used 
for rough drawings, and the difficulty of smoothly 
“upsetting” this thin metal was, to the officers of the 
United States Patent Office, apparently so insurmountable that 
when application was made for a patent, the examiner asserted that 
the thing could not be patented, because it could not be done, and 
the applicant had to bring a great many samples of the article 
itself and affidavits from « number of persons to show that it had 


FIG. 214 


being done, and was being done on a regular manufacturing scale. 

Mr. Dodge.—\ would like to speak of some experience in this 
connection, similar to what Mr. Emery has just shown us. I had 
a testing machine which was never strained higher than 10,000 
pounds, and in it, a number of large brass washers having a width 
of about a half an inch all around, took the thrust of the pressure 
bearing against a cast-iron block. I found that a hard brass 
washer under the thrust, would flow out sideways and make a neat 
cup nearly half an inch high. I noticed that the tendency to flow 
into this cup-shape, seemed to be increased because of the rotary 
motion of the pressure. In further experiments, after I had no- 
ticed this flow and the formation of the cup, I tried one in which 
the rotation of the washers was prevented. I found that if they 
were prevented from revolving, all the pressure I could get, even to 


* By the kindness of A. C. Hobbs, Esq., General Superintendent of The Union 
Metallic Cartridge Company, | am enabled to give the following dimensions: 


Outside diameter at A before tapering 


Thickness of metal at A before “ O15 L 


It is evident from these figures that a flow of the metal must have taken place 


longitudinally as well as radially. —W. F. D 
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bursting one of the thrust-blocks, produced no flowing action 
at all. 

Mr. A. HI. Emery.—tThe reason of that was that the friction of 
quiescence replaced the friction of motion. The friction held it 
down in your latter experiments so that it couldn’t flow. 

Mr. Hamilton.—I was in the southern part of Ohio last week, 
where they are about changing the method of making nails, or 
rather changing the material from iron to steel. I went into an 
office there where a gentleman had contracted for half a million 
dollars’ worth of machinery to make steel nails. He had specimens 
in his office and a hammer and anvil. He had nails of all sizes 
made from the same plate. It was impossible to break some of 

the nails or knock the heads off with a hammer. Other nails, made 
from the same material, would fly like glass. Those people are greatly 
troubled in regard to that matter. They have decided now that if 
they can cut steel nails at a certain “ critical” temperature the head 


FIG. 222 


will be all right. If they are a little too cold or too hot when cut, 
the nail is practically useless, and it is impossible to keep plates 
the same heat while being cut. If it is at the right temperature 
when they start, by the time they get the last nail cut off it is of 
too low a temperature. I took some of those nails and examined 
them carefully, and since this flow of metals has been discussed 
here, if you will allow me, I will show you what I think I have 
discovered in regard to the matter. I think it is all controlled by 
the flow of metals. By close examination I discovered marks like 
that on sketch of head of finished nail marked B, in Fig. 222, on 
almost every nail, especially those from which the heads came off 
so easily. In the process of manufacture the blank is first cut from 
the nail plate by the knives of the machine. The blank is then 
caught between the “ gripping dies,” marked A, and held firmly ; 
the “ header,” marked C, then advances and crushes the protruding 
_ part of nail blank to the desired dimensions, thus forming the nail 


EARLY EXPERIMENTS INVOLVING THE FLOW OF METALS. 663 


head. In this operation of heading the nail there are two portions 
of this protruding material which, being supported, are practically 
undisturbed. This material is conical in shape, with base equal to 
the transverse area of the nail blank, and is as shown by Fig. 222. 
The remaining and largest proportion of the material is subjected 
to severe movement, causing a shearing action and a rupture be- 
tween the parts as clearly shown. 

Mr. Kent.—1 also was in the southern part of Ohio last week 
and had some conversation about this nail business, and two weeks 
before I was in West Virginia and saw the nails made. The 
gentleman has given one explanation of this difficulty. There are 
three others. The nails are made out of strips of metal. These 
are piled together in front of the nail machine, which contains 
about fifty or sixty or more of these strips. As I passed through 
the mill I noticed that for larger-sized nails, 8 and 10 penny and 
larger, these bundles had been heated in a furnace very irregu- 
larly, so that the appearance of the pile was partly bright red, 
partly dark red, and partly black. There was scarcely one plate in 
the whole pile that was uniformly heated. The man began with 
his top plate. It took him an hour or more to get down to the 
bottom of the pile, so that there were hardly two nails alike in 
temperature. Many of the nails must have been cut while at the 
“ critical temperature ” of steel mentioned by Dr. Egleston at the 
New York meeting, at which temperature steel appears to become 
brittle. The other explanation of the flying off of the heads is a_ 
chemical one. Some specimens of nails were sent to Pittsburgh 
for analysis: some were good nails and some bad nails, and after a 
good deal of analyzing the chemist came to the conclusion that the 
heads of those nails that were low enough in carbon and phosphorus 
did not crack, and those high enough in phosphorus and carbon did 
erack. 

Still another explanation of the case is the sharp corner under 
the head. You can make a piece of wrought iron of the shape of 
a nail, with a sharp corner, and there is not much danger of crack- 
ing; but as soon as you have a crystalline metal or granular metal 
like steel, it acts just like cast iron does in the foundry. You must_ 
have a fillet in the corner or you will have a strain. 

So there are four explanations: the one given us by Mr. Hamil- 
ton, the chemical one, the question of the fillet, and the critical 
temperature. Which is the most correct is a matter for further 


research. 
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Mr. Hamilton.—I saw nails made from the very same plate. 
They kept the nails made from each plate separate. They investi-— 
gated the matter very closely. ees had their office full of nails 


of course the lower in steel the better 
the nail; but from the same plate of steel one head would fly off 
like glass and another you could not hammer off, and I would say 
that in the steel nail the fillet that you talk about does rot appear 
to make a particle of difference in practice. They have them with 
a large fillet and with a small fillet, and they know that it does not 
make any difference. 

Mr. Dodge.—W as that little cross ou those that broke ? 

Mr. Hamilton.—Y es, sir. 

Mr. Dodge.—N ot on the others? 

Mr. Hamilton.—Sometimes on the others. When the steel plates 
from which nails are made are taken from the heating furnace and 
plaved in the boxes to be used one by one by the nail feeder they 
are of uneven temperature. The workmen then resort to what they 
term “stuftinga pile” to equalize the heat; this is merely intro- 
ducing cold plates between the plates that would be too hot to cut. 

This answers very well for iron, but is not satisfactory when steel 
is used. The placing of a small gas furnace has been suggested 
‘near each nail machine, the steel being first heated in the plate 
furnace, and placed in these small furnaces, when they can be kept 
at the critical temperature needed successfully to manufacture cut 
steel nails. 

Mr. Hawkins.—It seems to me that if the metal flows as has been 
-suggested—in the hypothesis to explain that cross in the nail head 
—that the metal should take the form of a cone, if anything—that 
is, that portion of the metal that does not flow. It cannot be con- 
ceived that it would not take the form of a wedge at all events, as 
the metal that does flow out is at liberty to flow in any direction, 
“and consequently the remaining portion of the metal would be a 


cone: and there would not be any reason, therefore, why any cross 
mark should appear in one direction any more than another, or why 
_ there should not be any number of similar crosses all the way around 
it. It appears to me that the cross must come from some other 
cause, unless the metal itself moves simply as a wedge. 
Mr. Durfee.—\ do not know that what I am about to call the _ 
attention of the members to has anything to do with this cross on 
the head of the nail; still it may have. Any of you who have don 
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seen an ingot of tool steel broken in two before there has been any 
hammer work done on it, have seen a crystallization very much as 
is represented in the sketch (Fig. 215). You will have seen a well- 
defined cross from angle to angle of the ingot, and al] the crystals 
will be arranged perpendicularly to the ex- 
terior surfaces of the ingot. It occurred to 
me that possibly the cross described might 
have been produced by a similar crystalline 
arrangement of the particles in the head of 
the nail, as the head cooled. The crystals of Ti 
metal arranging themselves as in the steel wi ane 
ingot, perpendicular to the cooling surfaces HN 
would produce just exactly the effect found 
in the nail head. The cross in the steel ingot 


FiG. 215 


is very sharply defined, and the arrangement of the crystals of steel 
is distinctly visible. It would almost seem as if they had been placed 
by some exact mechanical process. 

Mr, Oberlin Smith.—There is a gentleman over here inquiring 
about the cause of that wedge existing, instead of a cone. It occurs 
to me that such may possibly be the case on account of the different 
fibrous arrangement of the metal in the two different directions 


through the nail perpendicular to two of its adjacent sides. If this 
was a nail in which the fibers ran lengthwise this would not hap- 
pen. Thus, if we were heading a wire nail and the metal was poor, 
the loosened part would probably be a cone. Obviously it is due 


to the friction against the header, and its base resting against the 
header under heavy pressure causes considerable resistance to its — 
flowing out at that point. That other construction, with a pointed 
header, shown upon the blackboard, is of course intended to obviate 
such a difficulty. 

Mr. Hawkins.—I presume that the section of the metal being 
square it might assume that form. It would necessitate, then, these 
four distinet crosses appearing at right angles to one another. 

Mr. Smith.—I will recall what I said about the wedge. I thought — 
the crosses were on the two sides, But as it is not a wedge, only 
a pyramid, that explanation about the fibers being arranged differ- = 
ently across the nail has nothing to do with it. 

Mr, Ilamilton.—There ought be a difference, it seems to me, in 
the action of metal whether it is made to flow under a number of 
blows and slowly, or whether it has to change its form very rapidly 
without giving it time to adjust itself. In the case of these nails, 
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they are headed four or five hundred a minute, and there is not 
much time for flow of metals. 

Mr, A, H. Emery.—And yet there is time to flow. In the case 
of the hammer, it is a succession of little blows. There is no relief 
of the pressure in the case to a die, and it must flow, if it flows at 
all, under that resistance to flowing due to friction. 

Mr. Dodge.—Will the flow go on——will it flow after it starts, 
even when it is not struck again immediately ? 

Mr. Emery.—The flow is only when the pressure of the hammer 


is there, but the flow is slight because the flow is produced by a 


succession of blows. Whereas in the die, one continuous pressure 
exists until the whole head is formed. 

Prof. Webb.—I can readily perceive how the flow could go on 
after the hammer had struck it. 

Mr. Emery.—I could more readily conceive how it could not. 

Prof. Webb.—I could more readily conceive how it could not, 
but I could conceive how it can. You have stored the force of the 
blow by compressing a particle of the iron; why should not that 
push its way out and equalize itself. 

Mr. Kent.—I have observed the flow of metals for half an hour 
after the pressure was relieved. A straight bar of metal, being put 
on a testing machine, was pressed down by transverse strain until 
it took a certain permanent set, so-called, and the load removed. 
During the next half hour and perhaps longer that bar kept straight- 
ening itself. That straightening was proved not only by measure- 
ments in thousandths of an inch—and it was a very considerable 
quantity, I think two or three hundredths of an inch—but on the 
platform scale as well, and after relieving the pressure and balane- 
ing the scale at zero, after a while the beam rose and we had to 
move the poise along to balance it again, and to move the poise 
continuously for half an hour, <A description of the phenomena 
was published in the Transactions of the Civil Engineers by Pro- 
fessor Thurston. It happened about eight or nine years ago. 

Mr, Albert Emery.—lI have seen a great many cases where the 
strain exceeded the limit of elasticity and the metal yielded tempo- 
rarily under that strain, and there is a constant effort by that metal 
to recover itself and to come back again. I remember a pressure 
gauge which I bonght of the maker, on which I put the maxi- 
mum load intended, nominally 6090 pounds to the inch, but really, 
as I afterward found, only 525 lbs. per square inch. With this 
load the metal of the bent tube took a flow under the strain, which 
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exceeded the elastic limit slightly, and gradually got back to zero 
in a day and a half; but that flow was backward. 

Mr. Babeock,—In regard to that cone matter, any of us who have 
witnessed the giving out of a brittle material like a piece of marble 
or stone under direct pressure have seen that action take place; the 
block yielding around the center and leaving a cone at the top and 


acone at the bottom. I can conceive that such an action would 
take place in a metal. The tendency would be the same. <A piece 
of steel of a brittle character would necessarily take that form, and 
might produce the effect the gentleman referred to. 

Mr, Hawkins.—I! would like to give an example that came to my 
notice a good many years ago. We used to have, in the con- 
struction of printing presses, a piece called a roller frame that con- 
sisted of a casting that had two members of about a quarter of an 
inch thick by an inch and three-quarters when finished, and they 
were held together by short cross-ribs so as to form a frame, within 
which to fit the rollers, and these frames were some of them as long 
as twelve or thirteen feet, and it was found very difficult to get 
them straight enough without casting them very thick. It was dis- 
covered at the time that we could take one of those castings when 
crooked and pene it at one side su as to bring it approximately 
straight. After we had pened it and got it under strain so as to 
bring it nearly straight, we would drop it gently upon an anvil or 
some solid substance so as to assist the strain in giving it a perma- 
nent set in the direction that would allow the strain to act upon it. 
Then we could plane that casting, and it would remain straight. 

Mr. Couch.—Nearly every one who has made surface plates of 
any size, has found an advantage in rough-planing them, and then 
letting them lie for two or three weeks before giving them their 
final planing. After some metal has been removed from one side 
of a casting having considerable surface, a re-arrangement appears 
to go on for some time, which changes its form more or less. 

Mr. Towne.—In convection with what Mr. Couch has said, I 
may mention that I recall the case of a large lathe-bed, the making 
of which came under my observation a number of years ago, of 
from twenty to thirty feet in length, the pattern for which was 
made with a camber of two or three inches, the camber being 
allowed not merely for the straightening of the casting in cooling, 
but also to allow for a further straightening expected to result from 
the finishing of the bed by planing. 

Mr, A. H. Emery.—I would say in regard to this flow of metals, 
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that it has seemed to me for many years, and I see no reason as 
vet to change my views, that this flow takes place only so far as to 
relieve the metal to this extent—to reduce the existing strain to 
some point somewhat below the limit of elasticity, or to the limit 
of elasticity, and it is not necessary to reduce it, it seems to me, 
substantially below that, to allow the metal then to remain in that 
permanent condition. As an instance of the strain remaining in 
the metal at all times, the Rodman guns were cast, and a heavy 
strain put upon the casting when cooling, and the Department was 
of opinion that the strain gradually relieved itself, so that in a few 
years it was quite gone. I told them that up to the limit of elas- 
ticity it remained forever, and I instanced the case of a steel spring 
which I had had contined under a strain of fifty or sixty thousand 
pounds to the square inch for ten years. As a proof that the 
strain remains in the casting up to the limit of elasticity or there- 
abouts, I would mention that three years ago last fall, at the South 
Boston Foundry, a tifteen-inch Rodman gun, which had been cast 
for the navy and had been fired 350 rounds, and had been con- 
demned for powder-cutting around the vent, was cut up. Just 
in front of the trunnions a cut was made where the diameter of 
the gun was about forty-four inches, and the bore fifteen inches. 
When the cut had gone as far as two inches, it relieved the longi- 
tudinal strain of tension in the outer wall at that point, sufficiently 
to allow the longitudinal strains of compression on the interior of 
the gun to exert themselves, and to expand that part of the gun 
farther. This expansion of the interior of the gun longitudinally 
was sufficient to cause rupture of the exterior at the bottom of this 
cut, so that a large section of this gun, which from its area re- 
quired five or six million pounds to rupture it, was ruptured, 
and the gun parted in the lathe clear through on one side with 
quite a noise. That allowed the other side to straighten itself and 
relieve itself from strain, so that only about two-fifths of the sec- 
tion of the gun was not parted by the rupture. The metal on test 
showed itself to be fully as good quality as when the gun was cast 
seventeen years previously, when cast and tested and previous to 
these firings. 


Prof. Webb—I would ask whether pickling removes enough 


of the seale to relieve the strain, and allow a casting to change a 
little in shape. 

Mr. Walker.—I think it does. I have had castings break while 

_ they have been in pickle, and also after the pickle has been 
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washed off. I do not think it has been due altogether to the heat 
generated, though, no doubt, the chemical action of the acid had 
something to do with breaking the casting in question, as the 
breakage was in the opposite direction to that of the usual strain. 
Hence, I think that pickling does alter the surface part of a casting, 
and possibly its shape. 

Most of you are awate what my sketch represents. Figure 229 
is a good illustration of the “flow of 
metals” in the form of a steam dome 
or boiler head. The circular plate, a, 
revresented by dotted lines, shows the 


original form, the full lines represented 


by diameter 6, is the head after it is 
TOP FOR STEAM DOME 


formed. The difference in diameter Fic. 229, 


between @ and + is seven inches, and 

hence there is a difference in circumference of about twenty-two 
inches. Now,as the flow of metals has been gone into, I would 
like to ask some one to explain where this difference of circumfer- 
ence goes to? This class of work is done in Europe. I had the 
pleasure of seeing a sample of this kind in 1875, at the office of 
the Manchester Boiler Inspection & Insurance Company, which 
had been formed cold, 

Mr. Partridge.—The author says that this law of flow controls 
alike all substances. Mr. Babcock refers to the action of marble 
under compression as illustrating this. The action of marble un- 
der strains tending to produce bending appears to be similar to that 
of a metal. I have frequently seen a sheet of marble forming the 
front of a shelf over a steam table which has bent at its unsupported 
edge some two inches from the effect of the weight upon it and the 
heat of the steam table. The slab was about } of an inch thick and 
40 inches long. The weight on it would vary from 25 to perhaps 
125 pounds. There was no sign of fracture in any part. It was 
replaced about two years ago by a new sheet, which I notice is al- 
ready showing decided signs of sinking. The temperature is prob- 
ably never less than 120 degrees, and in the summer much more. 

In stamping a deep dish, the flow of metal evidently takes place 
in all directions. A part is crowded together while portions are 
spread out, and the result is an increase of length, making the perim- 
eter greater than the diameter of the blank. If the press is suit- 
ably arranged it is possible, to a certain extent, to force the metal 
to flow back upon itself, and manifest its flow by thickening the 
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plate. Where a printed sheet of tin is used, the direction of the 
flow and the peculiar action of the metal can be seen very clearly. 
The depth to which deep stamping can be carried in tin is quite 
surprising. I have had samples of stamped work about 34 inches 
in diameter by 7 inches deep, and tapered like a tin lemonade-mixer. 
Mr. Stratton —I think the question of time has a great deal to 
do with this matter of the flow of metals, as has been already said. 
Some time since, in reading the pamphlet issued by the Hoopes & 
Townsend Company, of Philadelphia, I was quite impressed with 
the idea that it was all important to know in how short a space of 
time they concentrated this pressure on the punch and forced it 
| 
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through the he or how rapidly they turned them out. If Pro- 
fessor Thurston were here he would probably enlighten us on this 
subject, as he made an exhaustive investigation of it. I would rec- 
ommend members of the Society to send for this pamphlet, as it 
contains much that is of interest on this subject. It is very fully 
and nicely illustrated. Thecuts of thenuts show them as etched 
with acid, so that the flow of the metal is thoroughly shown. 

Mr. Oberlin Smith.—I have done a good deal of work in “ draw- 
ing” sheet metals—iron, steel, brass, copper, gold, not principally the 
latter, however, and tin plate. The process is probably known to 
a good many, but it may not be familiar to all. The upper die, 7 
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(Fig. 202), descends first and the punch, P, with it, or approximately 
with it. If the dies are “combination dies” (that is te both cut and 
draw), the “blank” shown at A (Fig. 203) in cross-section and A’ 
in top view, is cut, during the descent of UY, from a sheet of metal 
laid upon the female cutting edge,7. If these dies are not to cut, the 
edge, 7, is rounded off and need not be of steel, as it acts merely as a 
guide for the blank, whrich has been cut somewhere else, and is laid 
in upon the surface, 7, of the lowerdie, Z. As U’ completes its down- 
ward stroke its lower surface, A, just touches the metal blank—in 
practice it touches it very firmly and under a heavy pressure, to al- 
low for the springing of the press. The die, UV, now being stopped 
and remaining exactly there (actuated by a cam motion usually), 
the punch, ?, descends and draws the metals in the successive forms 
shown at B, C, and ) (Figs. 204, 205 and 206). Cylindrical work, 
like DY, drops through the die, being prevented from rising with 
the punch by the sharp stripping edge, &. 

Of course the action upon the metal, as Mr, Partridge says, is a 
flow in all directions. The particles at the outer edge all have a 
flow outward. The primal flow is circumferential, because, as the 
blank tends to get into a smaller diameter, the circumference be- 
comes smaller. Thus, all the particles are crowded toward each 
other circumferentially and stretch apart radially to get out of the 
way. As Mr. Partridge stated, on tin plate or other metal which 
has been marked, it is very apparent how the metal has moved. I 
had some blanks that were marked off in lines ,4y inch apart at right 
angles, and it was very easy to see which way the particles of the 
metal had gone. This movement is shown in Figs. 203, 204 and 
205, where certain four particles of metal in the blank are repre- 
sented by four dots at the corners of a square upon 4’. Upon B’ 
and C” can be seen the successive changes in position of these dots 
as the square becomes a more and more elongated diamond. 

I have a formula at home for determining the size of the blanks 
for given work according to its diameter when finished, its depth, 
and the amount of rounded corner. It is astonishing to a novice to 
see how a comparatively hard metal like tin plate will stand this 
process. Ordinary tin plate will draw to a depth of about half its 
diameter at one operation. Beyond that limit you cannot go far. 
When you use sheet iron and steel, the proportions are about the 
same as with tin plate. When you come to brass and copper, of 
course you can get a much greater depth at one operation. With 
gold I have done a little in the way of watch cases, ete., and it 
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works about the same as copper. Copper you can get deeper than 
brass. With all these metals it is necessary that surfaces 4, 7 should 
come together with the proper pressure thereon; but if the pressure 
is too heavy, the friction becomes so great that the punch bursts 
through. If it is too little, the metal begins to wrinkle. The mean 
point between too great pressure and too little pressure prevents 
either wrinkling at A, 7, or tearing through around the corner of 
punch at g. In a second operation, where deeper work is wanted, 
another pair of dies is used. The blank-holder is made thin 
enough to come down inside the first-made “ cup,” and with a due- 
tile metal like copper you can continue this process three times or 
more without annealing. Then you anneal and do itagain. With 
tin plate, which you cannot anneal, of course the difficulties are 
greater. You can draw that in about three operations. I have 
seen a tin-plate box twice its diameter in depth, but such propor- 
tions are rare. They draw teapots and pitchers and all such work 
as that, and they close them in afterward at the top by spinning. 
Such work, however, is usually drawn from black iron, so that it can 
be annealed, and it is tinned subsequently. 

Mr. Kent.—How does mild steel compare with copper in its 
ability to be drawn ¢ 

Mr. Smith.—I have not made accurate experiments to compare 
them, but I have noted casually that it draws as well as sheet iron, 
but not so well as copper. I cannot, however, give figures show- 
ing the amount of difference. 

Mr. Stratton.—Does it make any difference with what rapidity 
the die is worked in the drawing of these metals? If it is worked 
quickly, will it have a tendency to crack more than if it is moved 
slowly 

Mr. Smith.—Yes, sir. Iron will, however, stand a faster flow 
than brass or copper. It would seem that it should be the other 
way, but I believe the case to be as I have stated it. In all work of 
a kind like Fig. 207, #, the sides are wrinkled ; it cannot be drawn 
smooth. This cylindrical work, )), can be made smooth, because 
its flange is held by the pressure alinost upto the puncli. But the 
conical work, £, is unsupported from where it leaves the surface, /, 
over to the smaller end of the punch. There is a little annular 
disk of metal there unconfined, consequently the wrinkle com- 
mences to form just as it passes down the corner of 7, and continues 
down all the way. This defect has to be overcome by “ roller- 
spinning.” This is the way that dish-pans, wash-basins and such 
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things are all done. They are drawn in one operation, but roller- 
spun afterward. In practice, whenever we set our dies to the best 
advantage, so as not to wrinkle the metal nor tear it, the metal 
remains of the same thickness after drawing as it was in the orig- 
inal blank. In cartridge work the blank is made so much too thick 
for the die that there is not room for the metal, and in such case 
the work is drawn thinner, in a manner analogous to wire-drawing, 
but where the punch allows room for the original thickness of 
metal, there is of course no making thinner, neither is there making 
thicker—the fixed space between / and j not permitting. So our 
formula for determining the diameter of our blanks is based upon 
the fact that the total surface area of the drawn cup, or other work, 
is exactly the same as in the original blank. Sometimes where we 
have a new thing come to us (that we have not made before), of 
such a shape that it is hard to calculate the area, we take such a 
sample and weigh it and measure the thickness accurately. We 
know the weight of a square inch of such metal, and we can calculate 
its area from that, generally finding it come out about right. There 
is frequently a good deal of money spent in trying blanks fora 
new pair of dies. This process of determining the area—making 
the area of the blank just the same as the area of the work—-is all 
that is required, unless, indeed, there is some deeply embossed 
contour made by the end of the punch, which necessarily stretches 
the metal thinner. 

Prof. Webb.—W ould Mr. Smith sketch some two or three of those 
tenth-inch squares. Perhaps he could just sketch on a circular 
plate the shape that they assume afterward. 

Mr. Smith.—I do not exactly remember how they appear on the 
circular flange, where a flange remains on the work. Of course 
they are all this way [illustrating] on a side view of the cylinder— 
outside view. This first line, which was a radial one in the original 
blank, would run straight up, as an element of the cylinder, and the 
next one would run in toward it in this way. This next line would 
converge still more, especially at the top, and next one more yet, 
and so on. 

Mr. Partridge.—1 would like td ask Mr. Smith if he does not 
find that the metal flows around the circumference of one of those 
deep dishes, and there are points where the metal has been flowing 
horizontally, and there are points where its flow has been vertical. 

Mr, Smith.—Y es, sir; slightly so—with very deep work consid- 


erably so. I attribute it to three causes—one is irregularity in the 
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die, there being a slightly less space in some places than in others ; 
another analogous cause is extra thick places in the metal; and 
the third is harder or softer spots than the normal hardness—per- 


haps with irregularities in fibrous construction. It is chiefly due 
however to the irregularities of the dies—the surfaces not being 
perfect planes—and to the dies springing. Ifa die is made flat, 
it will often bend down in spots, and a wrinkled place will start 
even though the dies are perfectly true and parallel with each 
other. The secret of building successful drawing presses is to make 
the horizontal members of the presses enormously deep, so that their 
rigidity will prevent the dies from springing “ out of flat.” 

Mr. Partridge.—I referred to a matter altogether different from 
that. From such measurements as I have been able to make on 
drawn work with pieces of tin lined in this way, and radially, I came 
to the conclusion that when it was drawn those lines instead of be- 
ing equally disposed around this side would be far apart here, one 
going here and so around—a regular rhythmic series around the 
whole plate. In other words, that there were points determined by 
the grain of the metal where the metal will come together. There 
were other points where it flowed lengthwise, and that these printed 
patterns showed that that was the case even when the drawing was 
perfect. 

Mr. Smith.—I would say that there is sometimes that irregularity, 
although I do not see why it should be in rhythmic form unless it is 
in the lathe leaving the die slightly but regularly corrugated. Ihave 
noticed that there is a difference in the grain of the metal. In tin 
plate there is not much difference, because it is rolled crosswise in 
both directions, but in long strips of brass the grain runs lengthwise 
only. There is a tendency for the blanks to stretch sideways the 
most, but the extra thickness of the sheets in the center (caused by 
the rolling-mill rolls springing) gives more pressure and consequent 
radial stretching, thus having a tendency to counteract the other 
evil. With regard to the surfaces / and j, we find that if made very 
flat and then oil-stoned in a radial direction the metal will stand 
considerable more pressure without tearing through than if they 
were polished. 

Mr. Kent.—Has the radius of the fillet any influence ? 

Mr. Smith.—Y es, sir, assuming that by “fillet” you mean the 
rounded corner near 7. In practice, for tin plate and brass work 
we make it from ;!, to 4 inch, but more would be better as far as 
reducing the pull upon the metal is concerned. If, however, we 
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make it too great we lose so much of the bearing surface of / as to 
cause wrinkles. At Figs. 207 and 208 are shown forms which are 
very difficult to draw, because there is so much flange to make flow 
in proportion to the circumference of metal (at the end of the 
punch) that has to do all the pulling. In such cases the work is 
very apt to have its bottom torn out. 
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REPORT OF A SERIES OF TRIALS OF A WARM-BLAST 
APPARATUS, FOR TRANSFERRING A PART OF THE 

HEAT OF ESCAPING FLUE GASES TO THE FUR- 

NACE. 

BY J. C. HOADLEY, BOSTON, MASS. 

_ Tur experiments of which an account will be found in the fol- 
lowing paper were begun in the summer of 1881, and, with the 
interruptions required for the modifications of the apparatus, occu- 
pied nearly a year. They were conducted at the chemical works of 
the Pacific Mills, Lawrence, Mass., by Mr. Fred. IH. Prentiss, under 
the direction of the writer. Ever since the conclusion of the last 
weekly experiment, May 20, 1882, the apparatus has been in un- 
interrupted use,and appears to be still in good order, with fair indica- 
tions of reasonable durability—a point to be settled only by continued 
use. A number of causes have delayed the publication of this report : 


the unusual scope of the experiments, the great length of the boiler 
tests—embracing nine full weeks—the number of subjects investi- 
gated, the attempt to ascertain everything which could affect the 
result—taking for granted nothing but the well-established plys- 
ical laws concerned—have resulted in a large mass of notes which 


required much labor for their proper digestion. Its publication has 
been still further delayed—not unwisely, perhaps—in order to gain, 
by experience in practical use, some knowledge of the advantages 
and disadvantages of the apparatus, as time alone can reveal them. 

The teachings of these experiments are little less valuable on 
their negative than on their positive side. It is hardly less worth 
while to know the absolute limitations of economy in coal combus- 
tion; to know what cannot be done, though quacks promise never 
so largely, as to learn by what means some part of the important 
loss of heat inevitable with existing arrangements, may be arrested 
and put to use at reasonable cost and without undue trouble or in- 
convenience. 

On both these points, it is believed, some contributions of real 
value will be found in this paper. Much, perhaps most of it, is only 
confirmatory of facts previously known; but in some respects have 
been here based on broader, more complete and longer-continued ex- 
periments, with the aid of some new instruments. Single boiler tests, 
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as boiler tests are usually conducted, are of very limited value. Too 
many unfounded assumptions are usually made. “Cval” is taken 
as equal to something to be found in tables, sometimes even with- 
out allowing for surface moisture, which may be dried out; yet 
there is more difference in coal than there is in boilers, rejecting 
boilers notoriously defective, and surface water will range all the 
way from 0.5 per cent. to 8 per cent. “Steam” is taken as of fixed 
and standard quality, as if it were dry, saturated steam, which is 
possible only when no steam is drawn from the boiler, and when 
none has been drawn from it for some little time. 

The hygrometric condition of the air is neglected, and its tem- 
perature and its barometric pressure, or, if observations are taken 
of the hygrometer, thermometer and barometer, the corrections 
these instruments would supply are rarely made. Steam-gauge 
pressures indicate different absolute pressures, and different quanti- 
ties of heat, at varying barometric pressures. 

Little attention is usually given to the question: How large a 
proportion of the air in the chimney gases really passes through the 
incandescent fuel on the grates ? and how much infiltrates at cracked 
or ill-fitting doors, at cracks in the brick-work, and between the 
brick-work and arch front, or through the brick-work itself? Lastly, 
it is believed that this is the first serious attempt, outside of the 
technical school or laboratory, to carry out a thorough, continuous 
analysis of flue gases—by far the most important point of attack 
upon the difficult problem of coal combustion. Unless the com- 
position of the escaping gases is known, nothing is known; this 
accurately ascertained, and their weight and temperature, almost 
everything which it is desirable to know is ascertainable. 

Some of the instruments devised and constructed for these exper- 
iments, and used in carrying them on, will be found of interest. 
Such are the calorimeter, the water-platinum pyrometer, the two- 
fluid anemometer and the incased aneroid barometer. 

This warm-blast apparatus seems to afford a means of securing a 
net saving of 10 to 18 per cent. over the best attainable practice 
with natural chimney draft and with air supplied to the furnace 
at usual external air temperatures; at least five times as much as 
“an be saved by any and all other methods, save the Green Econo- 


mizer, which is an analogous device, only available where large 
quantities of warm water are in constant demand; and should com- 
mend itself to the attention of all large consumers of coal, as soon 
as the durability of the apparatus is well established by sufficiently 
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protracted use. There are some incidental advantages, growing out 
of the more complete control of the rate of combustion ; and there 
is, it must be said, an offset to these advantages in the more rapid 
deterioration of fire grates, the importance of which can only be 
determined by prolonged experience. 

Tne expense of these experiments, which grew out of a sugges- 
tion at the end of a pamphlet “On the Combustion of Fuel” * was 
borne by an association of mill owners and manufacturers. Their 
object may be stated as follows : 

1. To ascertain how large a portion of the heat generated by the 
combustion of commercial coals, with the best attainable practice 
by natural chimney draft, escapes through the chimney, serving 
no useful purpose except in producing the draft. 

2. To ascertain what portion of such escaping heat could practi- 
cally be arrested and returned to the furnace in a warm blast, by 
means of an apparatus of admissible size and cost. 

3. To determine the form and dimensions of apparatus sufticiently 
well adapted to this purpose. 

4. To ascertain the cost of driving a blower to supplement the 
loss of chimney draft suffered in consequence of the reduced 
temperature of the tinally-escaping flue gases. 

5. To obtain by observation the data for striking a balance of 
advantages and disadvantages resulting from the use of such appa- 
ratus, as compared with natural draft, under conditions substan- 
tially similar; and 

6. To obtain as much information as such experiments could be 
made to yield upon all questions relating to the economical combus- 
tion of coals and the generation of steam. 

It will be apparent, on reflection, that the problem was far from 
simple, and by no means easy. It would not do to confine the ex- 
periments to a boiler with the warm-blast apparatus, and then to 
institute a comparison with alleged results obtained in ordinary 
practice, since there might easily be found in “ ordinary practice ” 
defects of care, skill or arrangement, which would make the com- 
parison unduly favorable to the device. Again, the use of a blower, 
or exhaust-fan, by giving control of the draft, would give facil- 
ity for more rapid combustion, and, consequently, for more rapid 
steam generation, which, unless guarded against or duly allowed 
for, might, by increased “ priming ”—water entrained with the 
steam but unevaporated—have given a deceptive appearance of ad- 

* See Appendices III. and IV. . 
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vantage arising from a positive loss; a favorite ruse of empirical 
boiler-improvers time out of mind. 

It was therefore thought necessary to lay out a comprehensive 
series of experiments; first, with a boiler similar in form, dimen- 
sions and setting to all the fifty boilers of the Pacific Mills, in order 
to ascertain just how near to theoretically perfect conditions we 
could bring that boiler; in actual practice, week by week; and 
secondly, just what proportion of the inevitable loss of heat was 
suffered at the chimney, and what degree of efficiency was attain- 
able. 

This-knowledge gained, as a secure basis of comparison, similar 
experiments, modified only so far as necessary to adapt them to the 
modified arrangement of the boiler setting, were carried out with 
the boiler fitted with the warm-blast apparatus: the two sets of ex- 
periments being designated, for distinction, “ cold blast ” (or Pacific) 
and * warm blast.” 

The observations covered the following points : 

1. Coat.—Time of each firing and quantity fired; quality and 
condition; temperature; samples taken at every firing, and analy- 
sis of the daily samples. 

2. Rerusr.—Divided into “cinders,” picked out by hand, yield- 
ing by analysis about 41 per cent. of carbon; partly burned coal, 
about 62 per cent. carbon; and aslies, of several grades, about 14 
per cent. carbon. Several screens of different degrees of fineness 
were used, and the several grades were weighed, sampled and ana- 
lyzed, for the few first weeks. But a very perfect check upon this 
work (which will be pointed out farther on), enabled us to dispense 
with these laborious and costly analyses of refuse. 

3. Warrer.—Quantity fed into the boiler; time and weight noted 
every time a tank was emptied; height of water level in glass 
water-gauge attached to boiler—temperature and height noted every 
quarter of an hour. 

4, Arr.—Quantity, with cold-blast, deduced from the composition 
of the flue gases, determined by continuous analysis, together with 
the tension of these gases, and their temperature: the tension as- 
certained by means of a large aneroid barometer inclosed in an air- 
tight case, communicating through a tube with the flue, and, by a 
three-way cock, with the atmosphere ; and the temperature by means 
of mercurial (chemical) thermometers, inserted in tubes filled with 
sperm oil, set in the flue. With the warm blast, in addition to the 
foregoing, a record was kept of the revolutions of a Root blower 
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of known measured capacity, and ascertained rate of leakage. The 


hygrometric state of the air was deduced by quarter-hourly 


notes of a hygrometer. The temperature of the external air and 
of the air of the boiler-room was regularly noted, and with the 
warm blast, the temperature on entering the “ abstractor,” to be 
warmed by the outflowing gases, and again on emerging from the 
abstractor, to enter the ash-pit. 

There was also a hot-air flue for highly heating (at will) a part of 
the air, with provision for introducing it at a “split bridge,” with 
dampers to regulate its admission, and provision for observing the 
temperature of such highly heated air. 

5. Gasrous Propvers oF Comsustion.—Continuous analysis by 
the gravimetric method, each forenoon’s and each afternoon’s pro- 
duction by itself, with occasional special examinations of shorter 
periods, to observe the effect of modes of firing, of introducing hot 
air, and other variations from the usual conditions, The gases given 
off during the night from banked fires were also continuously ana- 
lyzed and their volume determined, in the experiments with cold 
blast; but with the warm blast, the dampers were finally made so 
tight that no current could be detected, and the loss—-whatever it 
was—could not be estimated. This gravimetric method of gas 
analysis, which is very interesting and not hitherto generally prac- 
ticed, will be fully described in its proper place. 

6. Sream.—Pressure recorded by an Edson pressure-recording 
gauge, and noted every quarter of an hour by a test gauge, known 
to agree with a mercurial column; supplemented by quarter-hourly 
readings of a signal service (mercurial) barometer; and its qual- 
ity as to saturation, moisture or superheating ascertained. This 
was done with cold blast, in which case the boiler had no super- 
heating surface ; by a steam calorimeter, to be hereafter described ; 
and with warm blast, in which case there was ample superheating 
surface and constant superheating in fact, by the thermometer. 

7. Fire.—Temperature in center of incandescent coal, at bridge 
wall, and at the pier, where the gases are about to enter the boiler 
flues, taken by the water-platinum pyrometer, 

8 FrLue Gases.—Their temperature on emerging from the 
boiler flues, in smoke-box; on entering the abstractor; on emerg- 
ing from the abstractor, and on passing to the exhaust blower. 

9, Brick-worK.—Radiation from its surface ; conduction of heat 
from inside to outside. 

For carrying out these experiments, several new instruments, or 
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new forms of old ones, were devised and constructed. The more 
important of these will be found described in the proper place. 

It is obvious that these observations and experiments could not 
all be carried on simultaneously and kept up throughout the whole 
period covered by the tests, without a larger force of assistants 
than it would have been judicious to employ. Nor was this neces- 
sary. Calorimetric experiments on the quality of steam, for 
instance, which are delicate and laborious, demanding the closest 
attention of skillful observers, can be so timed with respect to the 
rate of steam generation and consumption as fairly to represent 
ordinary conditions. Such experiments were, in fact, confined to 
one week, July 11-16, 1881, when fourteen experiments, fully 
detailed in the appropriate place, were made and recorded. 

Pyrometric experiments in the fire, at the bridge wall and at 
the pier, were chiefly directed to ascertaining the temperature of 
new fires, well-kindled fires, new, old, or spent fires, and banked 
fires, with anthracite and with bituminous coal. 

Experiments on the radiation and conduction of brick-work 
were made as time and convenience would permit. 

Valuable information was obtained on the necessity of carefully 
sampling the gaseous products of combustion, which exist in flues 
and chimneys in most heterogeneous mixtures, far from being 
equally diffused ; and on practicable methods of satisfactory sam- 
pling, all of which are fully described. 

The power consumed in driving the suction blower was carefully 
ascertained. Some curious experiments, not devoid of interest, 
were made to ascertain the quantity of solid carbon carried off in 
black smoke with the chimney gases from bituminous coal—a very 
small proportion of the carbon consumed. 

Each one of the tests of evaporation here reported was carried 
on continuously during an entire week. Early on Monday morning, 
the boiler and the water it contained being cooled down nearly to 
the temperature of the boiler room, a wood fire was lighted and 
kept up until the steam gauge showed about 50 pounds pressure 
per square inch, whereupon the fire was drawn, and the furnace 
and ash-pit were cleaned out. A quantity of wood, usually about 
269 pounds, weighed and sampled for analysis,* was then put on 
the fire grate for kindling, and coal was thrown on at the discretion 

* Several analyses of the wood were made, but as these analyses are trouble- 
some, as the quantity of wood used was small, and as dry wood is nearly uniform 
in composition, the usual ratio, 40 per cent. of coal, was adopted. 
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of the skillful and attentive fireman, and weighed at every firing. 
A platform scale, fitted with a box of plank, having sides and a 
back, but open in front, was kept exclusively for weighing coal. 
500 pounds of coal filled the box conveniently full—the box itself 
being balanced by a counterpoise on the scale beam. The weight 
of a charge and the time of charging being noted, the weight was 
again taken and noted after each firing, and the time of opening 
and closing the fire door was also noted. The successive differ- 
ences were the quantities thrown on the grate at the respective 
firings, and their sums were the total quantities fired during the 
period covered by the notes summed up. 

The notes of each day’s firing were plotted, graphically, on see- 
tion paper, to guard against errors and omissions. 

Near the close of the day, as early as the demand for steam would 
permit, the fire was “banked,” all dampers were closed and so left 
till morning, when the dampers were opened, the fire was cleaned, 
and fresh coal was thrown on. It is, therefore, evident that all the 
fuel consumed during the week has been charged to the boiler, ex- 
cept the wood consumed on each Monday morning in raising steam 
to about fifty pounds pressure. 

The actual pressure at starting the fire and at opening the damp- 
ers in the morning, was observed and recorded, together with the 
height of water in the boiler, this latter being taken from a scale 
attached to the glass water-gauge; and similar observations were 
noted at stopping, as well as every fifteen minutes of the day—and 
sometimes of the night—and the differences in height of water and 
in pressure of steam, between starting on Monday morning and 
stopping at noon on Saturday, were duly allowed for. A table 
will be found on a subsequent page giving the number of pounds of 
water contained in the boiler at each inch in height of the glass 
water-gauge, from 0 to 10 inches, and for pressures varying by 5 
pounds, from atmospheric pressure to 80 pounds above, with differ-_ 
ences for convenience of interpolation. 

As to the omission of the quantity of wood consumed in raising 
steam on Monday morning, it is proper to forestall criticism by the 
remark that in no other way could the several trials be made so _ 
strictly comparable as by starting and stopping in each case, as — 
nearly as possible, with steam at the same pressure and with water | 
at the same level. The same method was pursued in every case, 
so that the comparison of One case with another is as just as it seems 
possible to make it without continuous uninterrupted firing. 
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The anthracite coal was Lackawanna, taken from “ pockets’ > in 
Boston, egg size, very uniform, and of e008 quality and reasonably 
dry, the analysis showing only 2.78 per cent. of water. 

The bituminous coal was Cumberland, kept under cover, and was 
also of good quality, and contained even less water than the anthira- 
cite. 

Samples about as large as a coffee-bean were taken at each firing 

averaging about one from every tenth lump (of the anthrac ite), 
each full day’s samples filling a compartment three inches cube, in 
a box containing six such compartments; and all the samples of 

each week were pulverized and treated in the usual manner, 

Two independent analyses were made of each week’s samples, 
and sometimes, when there appeared to be too much difference, a 
third analysis was made for confirmation or correction. A con- 
siderable quantity of each of the pulverized samples, each separately 
bottled and labeled, is preserved for future verification, if desired. 

A summary of the results of coal analysis is subjoined (Table [.), 
the anthracite used with cold blast being the mean of five weeks’ 


firing. 


BOILER WITH COLD BOILER WITH WARM 
BLAST. | BLAST. 
CONSTITUENTS OF COAL, 


Anthracite. | Bituminous, Anthracite. Bituminous. 


81.51 

3.84 1.89 

19 11.838 

Water 2.4 . 63 2.49 
Oxygen 49 
Nitrogen 00 
Sulphur ; .82 


The two boilers with which experiments were made were pre- 
cisely alike, and were substantially like all the boilers in use at the 
Pacific Mills, about fifty in number, some of which are a little less 
in length. They are of the class known as externally tired, return 
tubular boilers. The cylindrical shell, of flange iron 0.875 inches 
thick, is 60 inches in diameter ontside of the small courses, double- 
riveted in the longitudinal seams, and 21 feet in extreme length, 


* The Oxygen, Nitrogen aad Sulphur not separated in the anthracite. 


4 
81.71 
3.79 
5.75 
1.02 
4.91 
2.00 
100.00 
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of the skillful and attentive fireman, and weighed at every firing. 
A platform scale, fitted with a box of plank, having sides and a 
back, but open in front, was kept exclusively for weighing coal. 
500 pounds of coal filled the box conveniently full—the box itself 
being balanced by a counterpoise on the scale beam. The weight 
of a charge and the time of charging being noted, the weight was 
again taken and noted after each firing, and the time of opening 
and closing the fire door was also noted. The successive differ- 
ences were the quantities thrown on the grate at the respective 
firings, and their sums were the total quantities fired during the 
period covered by the notes summed up. 

The notes of each day’s firing were plotted, graphically, on sec- 
tion paper, to guard against errors and omissions. 

Near the close of the day, as early as the demand for steam would 
permit, the fire was “‘ banked,” all dampers were closed and so left 
till morning, when the dampers were opened, the fire was cleaned, 
and fresh coal was thrown on. It is, therefore, evident that all the 
fuel consumed during the week has been charged to the boiler, ex- 
cept the wood consumed on each Monday morning in raising steam 
to about fifty pounds pressure. 

The actual pressure at starting the fire and at opening the damp- 
ers in the morning, was observed and recorded, together with the 
height of water in the boiler, this latter being taken from a scale 
attached to the glass water-gauge; and similar observations were 
noted at stopping, as well as every fifteen minutes of the day—and 
sometimes of the night—and the differences in height of water and 
in pressure of steam, between starting on Monday morning and 
stopping at noon on Saturday, were duly allowed for. <A table 
will be found on asubsequent page giving the number of pounds of 
water contained in the boiler at each inch in height of the glass 
water-gauge, from 0 to 10 inches, and for pressures varying by 5 
pounds, from atmospheric pressure to 80 pounds above, with differ-_ 
ences for convenience of interpolation. 

As to the omission of the quantity of wood consumed in raising — 
steam on Monday morning, it is proper to forestall criticism by the 
remark that in no other way could the several trials be made so 
strictly comparable as by starting and stopping in each case, as 
nearly as possible, with steam at the same pressure and with water 
at the same level. The same method was pursued in every case, 
so that the comparison of one case with another is as just as it seems _ 
possible to make it without continuous uninterrupted firing. 
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The anthracite coal was Lackawanna, taken from “ pockets” in 
Boston, egg size, very uniform, and of good quality and reasonably 
dry, the analysis showing only 2.78 per cent. of water. 

The bituminous coal was Cumberland, kept under cover, and was 
also of good quality, and contained even less water than the anthra- 
cite. 

Samples about as large as a coffee-bean were taken at each firing 

averaging about one from every tenth lump (of the anthracite), 
each full day’s samples filling a compartment three inches eube, in 
a box containing six such compartments; and all the samples of 
vach week were pulverized and treated in the usual manner, 

Two independent analyses were made of each week’s samples, 
and sometimes, when there appeared to be too much difference, a 
third analysis was made for confirmation or correction. A con- 
siderable quantity of each of the pulverized samples, each separately 
bottled and labeled, is preserved for future verification, if desired. 

A summary of the results of coal analysis is subjoined (Table [.), 
the anthracite used with cold blast being the mean of five weeks’ 
firing. 


TABLE I. 


BOLLER WITH COLD BOILER WITH WARM 
BLAST. | BLAST. 
CONSTITUENTS OF COAL, 


Anthracite. Bituminous. Anthracite. Bituminous. 
| 


| 81.08 


Oxygen 
Sulphur 


j 


The two boilers with which experiments were made were pre- 
cisely alike, and were substantially like all the boilers in use at the 
Pacific Mills, about fifty in number, some of which are a little less 
in length. They are of the class known as externally tired, return 
tubular boilers. The cylindrical shell, of flange iron 0.375 inches 
thick, is 60 inches in diameter ontside of the small courses, double- 
riveted in the longitudinal seams, and 21 feet in extreme length, 


* The Oxygen, Nitrogen and Sulphur not separated in the anthracite. 


: 
Asl 10.12 | 7.19 11.838 5.75 
; 2.78 - 63 2.49 1.02 
4.49 4.91 
2.00 | 2.00 
2.81* 2.28* 82 
100.00 100.00 100.00 100.00 
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including the smoke-box cover; the smoke-box at the front end 
being 1 foot long, and the flues 20 feet. These are 3.5 inches in 
diameter outside, lap-welded iron tubes, set in squares and 
straight rows both horizontally and vertically, 4.5 inches between 
centers, and therefore with 1 inch clear space between them. 

They are arranged in 7 horizontal rows ; 4 rows of 11 tubes each, 
one of 9, one of 7, and one of 5, making 65 tubes in all. The middle 
tube of the row next to the upper row, is in the center of the shell, 
which leaves at the bottom a space of 5.37 inches between the 
lower side of the flues and the inner side of the small courses, 
4.87 inches between the flues and the rivet-heads, and at the near- 
est, 3.09 inches, radially, between the flues and the smaller courses, 
and 2.59 inches between the nearest tubes and the rivet-heads. 
The provision for water circulation is therefore sufficient, and is 
further aided by setting the smoke-box entirely forward of the 
arch front, so that a length of 12 inches of the water space at the 
front end, immediately back of the smoke-box, is embraced in the 
brick-work, and shielded from the direct action of the fire, which, it 
is believed, produces a downward current at that point, to supply 
the rapid evaporation directly over the fire-grates. These are 5 
feet 2 inches long from the fire-brick lining of the arch front to 
the bridge wall. 

The fire-grates of the original “ Pacific” boiler, with which the 
cold-blast experiments were made, were 5 feet wide between the 
side walls; those of the new boiler, with hot-blast apparatus, 5 feet 
4 inches wide. The side walls of the Pacific boiler are offset 
above the grates, until at the level of the bridge wall, they are 5 
feet 6 inches apart, at which point they are 24 inches thick; and 
are closed over against the boiler at the middle of its height, where 
the space is 3 inches to the smaller courses, 2.62 inches to the | 
larger courses, and 2.12 inches to the rivet-heads. The brick-work — 
closing the space between the side walls and the boiler, is 9 inches 

in depth, and above it the right-hand side wall is carried up 3 _ 
mches above the top of the boiler, where the covering bars are 
laid on. The left-hand side is oceuyied by a horizontal brick flue, 
conveying the gases of combustion, received from the smoke-box — 
through a plate-iron smoke bonnet, to the rear of the boiler setting, 
~ where a vertical brick flue, 16 x 36 inches, conducts them down 
bel ow the floor of the boiler house, to enter ‘the side of an under- 
ground brick flue extending along in the rear of the boilers to the 
chimney, located just of the boiler-honse, as seen in Fig. 
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161. a over the boiler is as follows: suitable east- 
iron bars of JL section are laid about 3 feet apart, across the boiler, 
supported by the side wall of the boiler-setting on one side, and 
by the wall of the flue on the other side. On the flanges of these 
bars were placed, at intervals of a brick’s length—8 inches—smaller 
bars, of similar section, on the flanges of which bricks were placed ; 
and on the covering so’ made two courses of brick were laid in 
mortar, The space between this covering and the boiler is left 
vacant. Suitable openings are left for access to the man-hole 
cover, safety-valve seat, and feed-water inlet. The side and end 
walls, reduced to 12 inches in thickness, are carried up two or 
three courses higher than the covering over the boiler, in the form 
of a low parapet. 

The boiler is supported at the front end by the arch front, at the 
rear end by a massive piece of tire-brick, and on the side wall by 
strong lugs, two on each side, riveted to the boiler. 

Feed water is supplied to the boiler at the top, near the rear end, 
through a nozzle provided for the purpose, through a pipe carried 
down to and into the water, and around the flues nearly to the 
bottom, to enable the feed water to acquire nearly the temperature 
of the water in the boiler before its discharge from the pipe. 

All the experiments with cold blast, and with natural chimney 
draft, were made with this Pacific boiler and boiler setting, as above 
described. Subsequently, the warm-blast apparatus was placed on 
top of this boiler; but without any alteration of the boiler-setting, 
except to discontinue the use of the horizontal flue on top and the 
vertical flue in the rear; and to make flues on each side tor the 
warm blast, from the front end of the abstractors to the ashi-pit. 
It will be seen from this description that this boiler has no super- 
heating surface, unless the two or three square feet above the water 
level in the smoke-box beso considered, and as the gases here are 
but a few degrees warmer than the steam in the boiler, this is too 
trivial to produce a sensible effect. 

The top of the fire-grates is 20 inches below the bottom of the 
boiler; the top of the bridge wall, 12 inches above the grates, and 
the pavement back of the bridge wall, 22 inches below the top of 
the bridge wall, and 30 inches below the boiler. The whole—fur- 
nace and combustion chamber—is lined with fire-brick, all headers 
in the furnace; and the rear wall is brought over by offsets, nearly 
to contact with the end of the boiler, above the flues, large tile, 
1S inches 12 and 3 inches thick, freely 
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REFERENCES TO GROUND PLAN OF BOILER-HOUSE. 


A, Water tank on platform scales. 
ater meter. 
‘, Water pipes and valves for filling tanks. 
, Platform scales for weighing coal. 
Calorimeter on its platform scale. 
*, Screen to protect calorimeter from radiant heat. 
, Edson pressure recording gauge. 
Test steam gauge. 
, Steam pipe to supply injector. 
, K, Pipe for direct water supply ; not used during these experiments, 
, Main steam pipe : wrapped with felt. 
, Root blower, for exhausting gases. 
, Steam engine to drive blower. 
, Man-hole of boiler, 
Q, Condenser for ascertaining the quantity of heat rejected by the steam 
engine. 
Rk, R, R, R, Cold-air boxes leading to abstractors. 


S, 8, Abstractors of boiler No. 1 
= T, Steam pipe to supply steam engine N. 
U, U, Small doors for inserting heat-carriers of pyrometer, at bridge wall and 
pier. 
V, Shelf for pyrometer, at pier. 


x Ww, Water pipe from injector to boiler. 
, Coal shed. (ae 


Zz, Horizontal flue on top of boiler with cold blast : subsequently removed, 
when the second form of abstractor was aygees to this boiler, converting it into 
warm-blast boiler No. 2. 
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used to give strength and _ stability to this overhanging wall; and 
for the same purpose the rear wall was made 8 feet 4 inches thick. 

The boiler to be designated boiler No. 1, warm blast, was pre- 
cisely similar to the “ Pacific ” boiler described above, but its set- 
ting was in some respects quite different. 

The side walls are 33 inches thick, 9 inches being of fire-brick 
and 24 inches of red brick. This gives room for descending flues 
on each side, 8 inches in thickness, from the abstractors to the ash- 
pit, with 9 inches of fire-brick between them and the fire, and 16 
inches of red brick outside. These walls are placed 5 feet 6 inches 
apart, and are plumb all the way up to 1 inch above the axis of the 
boiler, except a slight contraction of the space between them, of 
linch on each side, at the fire grates, which are 5 feet 4 inches 
wide. From the top of these walls, a semicircular arch is sprung 
over the boiler, leaving a clear space between it and the smaller 
courses of the boiler of 3 inches at the sides, and 4 inches at the 
top, into which the hot gases could freely ascend, although no cur- 
rent could pass through. The temperature found in this space at 
the top—7v00° to 900° F.—gave at all times a slight degree of 
superheating, and care was taken to carry the water pretty high in 
the boiler, to avoid danger of injury to the plates. 

At the close of the experiments with this boiler, before turning 
it over for regular use, large fire-brick tile—18 x 12 x 3 inches— 
were inserted, one by one, the whole length of the boiler on both 
sides, just below the arch, closing up the space between the side 
walls and the boiler, so that there was thereafter no superheating 
surface in this boiler. The reason for shutting off the superheating 
surface, when no longer required for experimental purposes, was 
to guard against overheating the plates. 

The space between the rear end of this boiler and the rear wall 
is closed, or covered, above the flues, by a transverse arch of 5 feet 
span, 12 inches versed sine and 42 inches radius, resting on corbels 
brought out 3 inches on each side from the face of the side walls, 
at about the level of the axis of the boiler. This arch, composed, 
in fact, of a series of superimposed arches, one fire-brick (4.5 
inches) in depth, was carried up even with the intrados of the arch 
over the boiler, which was continued on over it, to break the joint 
and to make the brick-work continuous ; but was not built up close 
against the end of the boiler, a space of 0.75 inch being left for 
difference of expansion between the boiler and the brick-work. 


One reason for arching over the boiler in the manner described, 
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was to obtain a secure foundation for the abstractors. These were 
placed on top, one at each side (Fig. 162), leaving a space of 3 feet 
in width between them, for access to the man-hole, safety valve and 
other attachments on top of the boiler. Side walls 8 inches thick, 
82 inches apart, the face of each outside wall flush with the face 
of the side wall of the boiler setting, were covered over (after the 
tubes of the abstractor were put in), by supporting J. bars 8 inches 
apart, and by 8 courses of brick resting on these bars. The flues for 
conveying the gases of combustion through the abstractors from 


CROSS SECTION OF WARM-BLAST BOILER NO. 1, THROUGH FURNACE. 


the smoke-bonnet to the blower at the rear of the boiler, are 240 
in number—120 in each abstractor—of ordinary lap-welded tubes, 
2 inches in diameter outside and 20 feet long, set by expanding 
their ends in cast-iron flue sheets provided with suitable flanges for 
fixing them securely in the brick-work. These 2-inch smoke-flues 
are set 3 inches apart, between centers, in 12 horizontal rows, 10 
tubes in each row, in each abstractor, in equilateral triangles ; 
and ineased, each one in a 3-inch tube of thin iron, locked spirally, 
leaving between the smoke-flue and the ineasing tube an annular 
space a little less than 0.5 inch in width radially, with pegs pro- 
jecting from the inner flue to keep each tube and its casing in a 
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concentric position. The 3-inch tubes were bedded in mortar, and 
rested against each other at their lines of contact. 

The 3-inch tubes were only 18 feet long—2 feet less than the 
2-inch smoke-flues, As the air to pass through the 3-inch tubes, in 
the annular space between them and the 2-inch smoke-flues, was to 
be received at the rear end, at the top, and discharged at the front 
end at the bottom, the rear ends of the upper rows and the front 
ends of the lower rows of incasing tubes, were set 21 inches from 
the respective flue sheets; and the front ends of the upper rows, 
and the rear ends of the lower rows of these same tubes were set 
3 inches from the flue sheets; and the ends of all intermediate 
rows at proportionate distances, in order to facilitate the admission 
and discharge of air. A cold-air box of thin plate iron, provided 
with an air-tight damper at its outer end, and branching equally to 
the two abstractors, supplies air from without the boiler-house at its 
rear end, and the descending flues in the brick-work already men- 
tioned conduct the warm air from the abstractors to the ash-pit, 
through arches in the side walls, below the fire grates (lig. 163). 

The gases of combustion are conveyed from the smoke-box to 
the abstractors at the front end, by a branching smoke-bonnet of 
ample area (less would be better, causing less radiation), and at 
the rear they are drawn together again through converging flues to 
a single descending brick flue leading to the exhausting blower, 
which discharges directly into the under-ground brick flue leading 
to the chimney. 

Tightly closing dampers are placed in the descending smoke-flue 
at the rear, and in the descending air-flues at the front, and regu- 


lating dampers, like throttle valves, are also placed in these latter. 
There is also a damper below the exhausting blower, and in line 
with the descending smoke-flue, which serves, when open, as a “ by- 
pass” to permit the gases to flow to the chimney by natural draft 
when the blower is not in motion. 


Small iron doors, 6 inches square, with isinglass panels, were set 
in the right-hand side wall, one opposite the bridge wall, the other 
opposite the pier at the rear end of the boiler, for the insertion and 
removal of the heat-carriers (platinum balls, in black-lead crucibles), 
of the platinum water pyrometers, 

In addition to the necessary and proper arrangements heretofore 
described, there were certain contrivances, destitute alike of merit 
and novelty, introduced for reasons which it is nut necessary to ex- 
plain. 
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163.—VERTICAL, LONGITUDINAL SECTION OF WARM-BLAST BOILER NO, 1. 
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One of these was a set of perforations in the side walls of the 
furnace, for the admission of warm air drawn from the descending 
air flues, above the incandescent fuel. Four tiles of fire clay, each 
18 inches long, 12 inches wide, and 4 inches thick, each one pierced 
with 187 holes 32-inch diameter in front and 8-inch in rear, were 
set, two on each side, end to end, about in the middle of the length 
of the furnace, and exactly opposite the descending warm-air flues, 
with their lower edges 12 inches above the fire grates. Sliding 
“oridiron ” dampers, with handles extending out through the arch 
front, were set behind these perforated tiles and a few inches froin 


them; and great care was taken to make these dampers, when 


closed, as tight as possible, to reduce toa minimum the harm which 
the admission of air above the fuel could not fail to do. Careful 
and repeated experiments and observations proved that these 
dampers could never be opened without checking the draft 
through the fuel, and lowering the temperature of the fire; and it 
is not impossible that a very little leakage through the closed 
dampers may have lowered in a slight degree the efficiency of the 
boilers. 

Another of these venerable contrivances, which is likely to be 
tried over and over again every few years till steam engines are no 
more, was a circuitous flue for heating air, or * superheating ” it 
(whatever superheating may be supposed to mean when applied to 
a permanent gas), for admission to the combustion chamber through 
a channel and orifices in the bridge wall, teclinically known as a 
“split bridge.” 

This superheating flue was built entirely within the combustion 
chamber, back of the bridge wall, extending along the face of the 
side and rear walls, and was constructed in the following man- 
ner: 

A wall of fire-brick, 3 inches thick, placed on their edges, three 
bricks high, was laid on the pavement back of the bridge wall, par- 
allel to the side wall and to the rear end wall, at a distance of 4 inches 
from these walls. A course of headers 9 inches Jong was then 
laid, covering the flue, and bonded 2 inches into the walls, forming 
a flue 4 inches wide and 13.5 inches high, around the sides and 
rear of the combustion chamber. On top of this flue, another flue 
exactly similar was placed, both having their angles at the rear 
truncated a little, to diminish the resistance. The uppermost of 
these two flues was connected, just behind the bridge wall, with the 
vertical air flue on that side, through which warm air descended 
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from the abstractor to the ash-pit, admission of air to the super- 
heating flue being regulated by a damper hinged at its lower edge, 
in such a manner that when open it extended obliquely into the 
vertical flue, so as to arrest a portion of the descending warm air, 
and to direct it into the superheating flue. At the opposite end 
of the bridge wall there was an opening through the horizontal 
partition between the upper and lower superheating flues, so that 
the air might descend to the lower flue and return to a point di- 
rectly beneath the place where it entered the upper flue. Here 
was an opening into the split bridge ; so that after twice making 
the circuit of the side and rear walls, the air, presumably consid- 
erably heated, might pass into the channel in the split bridge, 
and through small openings in its rear, to mingle with the hot 
gases flowing over the crest of the bridge wall. Subsequently, an 
additional wall of fire-brick was laid behind the bridge wall, to 
turn the superheated air upward, 

No good was ever found to result from this system of flues; in- 


deed, it is doubtful if any considerable quantity of air ever passed 


through the flues at all, although some must have flowed in when 
the dampers were opened, since the resistance of the open flue, 
circnitous as it was, could hardly have been so great as that of the 
coul on the fire grates. 

But since the only combustible substance present in the smoke, 
carbon monoxide (CQ), never, in the day-time, exceeded half of 
one per cent., and rarely exceeded half that small quantity when 
the dampers were open, for six weeks together, it was impossible 
that combustion could be sensibly promoted by the admission, at 
the rear of the bridge-wall, of a further supply of air, however 
much superheated.” 

A certain very slight advantage resulted, indirectly, from the in- 
terposition of 3 inches more tire-brick, to check radiation where it 
Was most active ; but this device and that of perforated tile pre- 
viously described are here given much in detail in order to show 
that their uselessness did not result from imperfect design, inade- 
quate extent, or defective construction ; but simply from the futil- 
ity of attempting to burn over again the products of combustion — 
already substantially complete, by the admission of air, however 
heated, where air, at the temperature of the hot gases themselves, is 
already in excess by 100 per cent., and most intimately inter- 
mixed, 

It was assumed at the outset that cast-iron grates could not with- 
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stand the heat resulting from the introduction of warm blast, and 
a water grate was provided of a construction supposed to be safe 
and durable, although costly, consisting of a top and bottom plate, 
3 inches apart, united at their edges by a hoop, and having a sufli- 
cient number of short tubes set through them for the admission of 
air. Provision was made for circulation, by a diaphragm in the 
middle of its width, connecting it with the water space below the 
flues, and dividing the furnace longitudinally into two equal parts. 
After repeated trials, this grate leaked so badly that it was dis- 
earded, and the ordinary long grates of the Pacific Mills were 
tried. These were cast two bars together, 5 feet 2 inches long, 0.75 
inch thick on top, 0.50 inch at 0.62 below the top, and 0.31 
inch at the lower edge; and 5.5 inches deep in the middle. The 
spaces between grate bars were 0.5 inch, so that the openings, 
without deduction for obstructions at the ends and at the two in- 
termediate side supports, were equal to 40 per cent. of the whole 
grate area; and allowance made for all obstructions, the clear space 
was equal to 34 per cent. These grates, supported at their ends only, 
were not destroyed by three weeks’ use with warm blast; but they 
gave evidence of injury in places, which made it plain that they 
might suddenly melt down at any time, and other grates, admitting 
of more support from below, were tried with entire success. These 
were the Williams rocking grates, supported on bearers in sections 
only about 15 inches long, and provided with a means of clearing 
them by shaking from below, through the ash-pit door. In firing 
with stationary grates, it was found necessary to keep thie fire doors 
—one at least—open one hour out of ten hours’ firing, to clean the fire 
and draw the clinker. This invariably lowered the temperature all 
the way from furnace to smoke-box, diminished the draft through 
the coal on the grates, produced an increased quantity of carbon 
monoxide (CO), in the chimney gases, and reduced the efficiency 
of the boiler. With the rocking grates, the time of slicing and clean- 
ing the fire was reduced to ten minutes once a day, at 5.30 p. M. 
The short, sectional grate bars next to the bridge wall suffered 
pretty rapid deterioration, and ina less degree those at the front and 
sides. Some form of grate still better may be found ; but it seems 
probable that the life of any grates, whatever their form, will be 
less with warm blast than with air taken in at the external tempera- 
ture—unless, indeed, a water grate can be used. What the excess 
of cost for grates may be, to offset the gain by warm blast, can 
only be determined by experience of some duration. 
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_ After the conclusion of the experiments with Warm-Blast Boiler 
No. 1 (weeks G & HT of Record, ending February 4 and 11, 
1882), the original Pacitic Boiler was converted into Warm-Blast 
Boiler No. 2, by the simple addition of the abstractors and the 


air passages and smoke flues necessary to convey the gases through 
the abstractors to the exhaust blower, and the air in the opposite 
direction from without the boiler-house to the ash-pit. 

No alteration was made in the boiler; and none in the brick- 
work, otherwise than to build the two vertical flues near the front 
end, to conduct the warm blast down to the ashi-pit, and into it by 
arches in the side walls below the fire grates, 

These vertical flues oceupied, in part, a space of 8 inches origi- 
nally left between the side walls, and, on the left the wall of the 
boiler-house; on the right the side wall of Warm-Blast Boiler 
No. 1. 

The mode of construction first adopted in Warm-Blast Boiler 
No. 1, has been fully described. 
it The principles involved in that construction were : 

1. The division of the air passages into 240 annular channels of 
uniform cross-section between (a) lap-welded smoke flues 2 inches 
in diameter outside, and (}) spiral-locked sheet-iron tubes 3 inches 


in diameter outside, in order to give uniform velocity to the air, 
and equal exposure of the air to the warm suriaces. 

2. The great addition to the warm surface made by these exter- 
nal tubes, which would be warmed by radiation from the 2-inch flues 
to almost uniform temperature with them, since air is not sensibly 
affected by radiant heat. There would therefore be two metallic 
surfaces in contact with the thin annular stream of air, the inner 


one 6 inches, the outer 9 inches in circumference, amounting to 
300 square feet for each foot in length, and for the whole 20 feet 
to 6,000 square feet. 

3. The skin friction of the 3-inch tube being greater than that 
of the 2-inch flue, not alone on account of its 50 per cent. greater 


area, but also on account of the slightly projecting spiral line of 
joint within, corresponding with the prominent spiral interlocked 
ridge on the outside, the air must acquire a rolling motion from 
within outward best calculated to bring all parts of the inflowing 


air into frequent contact with the warm surfaces, and to uniform 
temperature with those surfaces. 


Much apprehension was felt that the smoke might pass in largest 
volume through the lower courses of 2-inch flues—those first en- 
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THE DEFLECTORS 


OF THE ABSTRACTORS, 


Fig. 164. —VERTICAL, LONGITUDINAL SECTION OF WARM-BLAST LOILER SETTING NO, 2, SHOWING 
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countered on leaving the smoke-box ; and that the air, on the other 
hand, entering at the top, might flow in greatest volume through 
the upper annular passages, and that so the effect might be dimin- 
ished. But extensive and patient probing with the water-platinum 
pyrometer—the platinum ball being held in the tongs to be de- 
scribed—proved that this apprehension was unfounded—that both 
air and smoke were at nearly uniform temperature at top and bot- 
tom of every cross section. 

Yet the quantity of heat transferred from the escaping gases to 
the inflowing air did not answer expectations based on theoretical 
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Fie, 165. 
CROSS-SECTION OF WARM-BLAST BOILER NO. 1, AT PIER: BUT SHOWING THE 
ABSTRACTORS OF NO. 2. 


considerations. The gases passed off at a temperature about 160° 
F. above that of the external air, carrying a large quantity of heat 
to waste. The obstruction sure to arise in time from accumula- 
tions of dust in the annular passages, was not lost sight of. The 
cost, too, of the double pipes, was very considerable. It was there- 
fore decided, after due consideration, to adopt a new mode of con- 
struction. 

A piece of 2-inch spiral-locked tube, 4 feet long, with brass fer- 
rules soldered into its ends, having been put to severe tests and 
found air-tight, pipes of that description were adopted for the 
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smoke flues, at a saving of nearly one-half; and the 3-inch tubes 
were omitted, and replaced by deflectors, arranged as shown in Figs. 
164 and 165. The 2-inch flues were made 18 feet long, of sheet steel, 
No. 26 American wire gauge (.018 inch thick), each tube formed of 
a single strip 35 feet 6 inches long and 3.5 inches wide. A ring 
or ferrule of copper, equal in thickness to the ridge formed by the 
locked joint (about .054 inch), with its ends cut to the obliquity of 
the spiral joint, so as to fit closely to it on both sides, made an outer 
surface at each end smooth and cylindrical, for expansion into suit- 
able holes in the flue sheets; and internal thimbles of lap-welded 
pipe gave the degree of firmness necessary to hold the expansion.* 
Partitions of sheet iron, having holes for the 2-inch spiral flues 
corresponding in position with the holes in the flue sheets, were 
put into the brick chambers of the abstractors at intervals of about 
afoot; half of them closed at the top, and extending down to with- 
in 3 rows of flues of the bottom of the chamber, and the other half 
closed at the bottom, and extending up to within 3 rows of the 
top. Air entering at the top must descend across and among the 
2-inch flues, which have spaces of 1 inch between them, pass under 
the first partitions, or “ deflectors,” then rise in the same manner 
across and among the flues to pass over the second deflectors, and 
so on, until on flowing over the last deflectors, it passes down 
through the vertical brick flues to the ash-pit. 

The deflectors are plain rectangular pieces of sheet iron, No. 18 
w. g., set with their side and top (or bottom) edges about 1 inch in 
the brick-work, The holes are punched, and they cost but a trifle 
in comparison with the 3-inch spiral air tubes. They also support 
the flues at every foot of their length, and they allow dust to collect 
to any probable extent in the corners at the bottom of the brick 
chambers without causing inconvenience. The deflectors, so far 
as they go, supply an additional surface warmed by conduction and 
radiation to impart heat to the air by contact; and the impact 
of the air in flowing transversely across the flues, although acting 
in each direction only on about one-half the cireumference of each 
flue, may yet be counted on to give something of that increased 
effect due to impact of air upon warm surfaces which was first 
pointed out by Leslie. 

For protection against loss by radiation, brick walls and_ brick 
covering were used as before ; but in order to guard against cracks, 


* A better method has since been devised by Mr. F. H. Prentiss, by means of 
external and internal malleable iron rings. 
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and to eut off leakage, the whole exterior of the brick-work of these 
abstractors was incased in thin galvanized sheet iron, locked and 
soldered. 

The covering of the Pacific boiler, described previously, not 
being strong enough to bear the weight of the abstractors, bars of 
old rails, equal in length to the width of the boiler setting of warm- 
blast No. 1 (11 feet), were placed across at intervals of 2 feet, resting 
on the side walls, and projecting a few inches beyond them. Pieces 
of j-inch plate iron laid from bar to bar on their lower flanges 
supported the brick-work. After leveling up to the top of the 
bars, the sheet iron for the bottom of the casing was laid on, a 
hearth of three courses of brick was laid, the side walls were carried 
up, and, after the tubes and deflectors were all in proper place, the 
covering was put on, and the casing of sheet iron completed. A 
brick tlue brought together the two streams of gases from the two 
abstractors, and conducted the united stream to the exhaust blower. 

The results obtained with this apparatus (week T, ending May 
20, 1882), were decidedly better than were obtained with the appa- 
ratus first tried. With higher temperature of external air, and a 
smaller quantity of air per pound of coal, the final temperature of 
escaping gases was reduced 20 degrees lower. Part of this gain 
may have been due to the manner in which the abstractors are 
supported, on bars, out of contact with the brick-work (which in 
the other case was very hot on account of the superheating arrange- 
ment), so that less heat was imparted by conduction to the abstract- 
ors, to be in part carried off by the smoke. But a part—probably 
the greater part—was due to the greater efficiency of surface im- 
pinged upon by air in motion, over similar surfaces along which 
air flows smoothly, without impact. Something may be due to 
the reduced thickness of the metal, but Péclet’s formule do not 
lead us to expect a sensible effect from this cause. 

The question of durability remains to be settled, but there is 
now reason, after nearly three years’ use, to look for a favorable 
result. Both the air and the smoke are at a temperature so far 
above their dew-point—unless, indeed, the boiler leaks bad]y—that 
no moisture can be deposited on the flues, either within or with- 
out; and there is little danger to be apprehended from sulphur, 
which in the form of sulphurous acid (SO,), is not actively corrosive, 
and of SO, (which condensed with water becomes H,SO,, or 
sulphuric acid), there is never much and seldom any. The an- 
thracites contain but very little sulphur, and the Cumberland 
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bituminous coals only about 0.8 per cent. Pictou coal, it is true, 
sometimes contains sulphur, in the form of iron pyrites, in visibly 
large quantities. 
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The cost of the single tubes with deflectors is much less than 
that of the other form, with double tubes :—First, because the spi- 
ral steel tubes cost but little more than half as much as the lap- 
welded tubes of the same size; second, because they were reduced 
from 20 feet in length to 18 feet, yet seemed to be even more efli- 
cient; and third, because the deflectors cost much less than the 
3-inch tubes which they replaced. As to the sheet-iron casing 
outside of the brick chamber, that was no less desirable with the 
first form than with the second. 


It is probable that the quantity of air per pound of coal consumed 


was reduced by this air-tight casing, since much air infiltrates 
through brick-work. The extent of this infiltration is surprising. 
So great is it that the flame of a match is drawn to and into the 
interstices of an 8-inch brick wall-—not alone at fine visible cracks, 
but at mortar joints apparently sound, 

To eut off this harmful infiltration of air, the outside of the 
smoke-flues in the rear was coated with desiccated tar and shingled 


over with tarred cotton cloth. It might be worth while to leave 
off the outer 8 inches of brick-work of the boiler setting, all around, 
until the inner portion was complete, and then to cover the whole 
surface, sides, ends and top (and preferably the bottom also, to 
keep down moisture), with galvanized sheet iron, locked and sol- 
dered. At the arch front, where very pernicious leakage of air is 
too common, a tight joint could be made by means of a strip of 
sheet iron riveted to the back side of the arch front all around, to 
which the casing could be locked and soldered. If, now, the cas- 
ing were covered with an inch of hair felt, and around and over all! 
8 inches of brick-work were laid, secured with binders, as usual, or 
more completely, an appreciable saving of heat would result, per- 
haps exceeding one per cent. An air space is sometimes left in 
the brick-work, for the purpose of reducing radiation. Breaking 
the continuity of the brick-work certainly impedes the outtlow 
of heat, by interrupting conduction, and interposing the slower 
processes of radiation and absorption; but an air space as an 
interceptor of radiant heat is futile. Hardly any substance in 
nature is less useful for this purpose than air, which when dry 
is absolutely diathermanous. It answers well to build the walls 
of three successive, independent 8-inch walls, close together, but 
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not bonded, and free from mortar at their surfaces of contact. 
Conduction is thereby sensibly interrupted, some freedom is left 
for unequal expansion, the binders tie all firmly together, and cracks 
will be less numerous, less continuous, and less disastrous. Dut 
all cracks, large and small, should be sedulously stopped up. Very 
large cracks will often be found between the arch front and the 
brick-work. These should be stopped with putty. Smoke-box 
covers and doors, tire doors and ash-pit doors should be carefully 
fitted, and smoke-box doors and covers, which usually require to be 
opened but once a week, should be packed or puttied. Fire doors 
should be made with a groove all around them, to receive a pack- 
ing of asbestos, and should have some provision for pressing them 
firmly against their seats on the arch front. However well fitted at 
first, or when cold, the heat warps them so that they often admit 
sufficient air to impair the draft where alone draft is useful— 
through the fuel on the fire grates. For the same reason, the fire 
door should be left open as little as possible. If the grates are 
stationary, it will be necessary, with combustion as rapid as 
12 pounds of coal per square foot of fire-grate area per hour 
(counting all the time the draft is open), to clean the fire and 
draw out clinker as much as six times in ten hours, occupying ten 
minutes each time, equal to one hour in ten—a serious loss, which 
may be reduced five-sixths by the use of rocking grates, operated 
through the ash-pit door. But let no grate-vender quote me as 
authority for the stereotyped saving of * 30 percent. of ‘ the coal.’ ” 
I believe that an appreciable saving may be made by the use of 
good rocking grates, perhaps two percent. In the aggregate, these 
small savings become important; but aside from the one conspic- 
uous saving by returning to the furnace, in a warm blast, a part of 
the heat of the gases of combustion after they leave the smoke-box, 
in some such manner as that herein described, or by its substantial 
equivalent the Green Economizer, no gain of so much as five per 
cent. over reasonably good ordinary practice can be so much as 
fairly hoped for. ae 
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_ Taking up now a second division of the subject, a description 
will be given of the instruments and apparatus for physical obser- 
vation. 


1. Tur Pyromerer.—The inner cell, or true containing vessel 
of this instrument, is 4.25 inches in diameter, and of equal height 
on the side, with a bottom in the form of the segment of a spher- 
ical surface of 4.25 inches radius, all of sheet brass 0.01 inch thick, 
nickel plated and polished outside and inside (Fig. 166). The out- 
side case is 8 inches in diameter and ~~ inches — of 16 02. 


or: 


© 
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WATER-PLATINUM PYROM 


copper, nickel plated and polished on the inside but plain ontside. 
There are two handles—on opposite sides—for convenience of 
rapid manipulation. The top, which is depressed conically like a 
hopper, is of the same copper as the sides and bottom, and is ter- 
minated at its outer edge with a strong wire, forming a lip all 
around for convenience of pouring. The central cell is connected 

with the outer case, only by three rings of hard rubber, each 0.25 
inch thick; the middle ring completely insulating the cell from its 
continuation upward to the hopper-shaped top, by interposing its 
thickness between the flanges of these two parts. The joints 
formed by contact of these flanges with the hard rubber ring, which 
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would be likely to leak water into the spaces filled with eider down, 
were made tight by a coating of asphaltum varnish. 

The lower hard rubber ring is, in fact, made up of three concen- 
tric rings, each one supporting the flange of a partition. These 
partitions are complete cups—sides and bottom—of sheet brass 0.01 
inch thick, and, together with an additional spherical segment at 
the bottom, next to the onter case, are nickel plated and polished out- 
side and inside. They divide the space between cell and case into 
three compartments, each «bout 0.625 inch in thickness, all filled as 
are all spaces everywhere, with eider down. All the four plates of 
the cover are of sheet brass, 0.01 inch thick, nickel plated and 
polished on both sides ; and all are insulated from each other and 
from the vessel by a hard rubber ring, which forms the outer rim 
of the cover, and bya tube of hard rubber with a knob and shoulder 
above and a screw-thread at its lower end, by which the upper and 
lower plates are firmly held together, while the knob serves for 
lifting the cover. 


Through this tube passes the hollow stem of the agitator, the 
upper part of it formed of hard rubber, terminated at top by a knob, 
with a taper hole for a cork, through which a thermometer passes 


down nearly to the bottom of the stem, the lower part of which is 
of brass tube. The agitator conforms to the spherical shape of the 
bottom of the cell, but does not touch it by about 0.25 inch; and 
has arim turned up 0.25 inch all around. This agitator and the 
brass portion of its stem are freely perforated with holes 0.2 to 0.4 
inch diameter, and nickel plated and polished. The spherical 
form of the agitator gives a radial direction to the streams of water 
passing through its holes when it is raised and lowered, so that 
very little motion up and down—not enough to lift the hard rubber 
stem out of its hard rubber incasing tube—suffices to mix the water 
perfectly. 

A slight modification, to the form of a propeller, would enable 
it to give equally good mixing by rotatory motion, as strongly 
recommended by Berthelot, and avoid alternate withdrawal and 
re-immersion of any part of the stem. 

Very careful and quite satisfactory determinations were made of 
the calorific value of the metals direct!y affected by the tempera- 
ture of the contained water; and just sufficient water was weighed 
in, to amount, with the calorimetric value of the instrument, to 
two pounds of cold water. 

This determination was in its general nature similar to the de- 
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termination of the heat capacity of the calorimeter for testing the 
quality of steam, fully described elsewhere ; but as this instrument 
was designed to hold only about a quart of water, the method 
followed was much simpler, and susceptible of greater accuracy. 

A tin dipper of about two quarts capacity was used to hold the 
hot water, which was poured directly into the pyrometer as quickly 
as possible, whereupon the cover was shut down and the agitator 
was put in motion. The examples given in the case of the steam- 
calorimeter will serve as a type of the experiments with the pyrom- 
eter; but in this latter case a special correction was demanded. 
The cooling of the hot water was angmented by pouring, in con- 
sequence of the exposure to the air of a large surface of water in a 
thin sheet. The effect of .this exposure was ascertained in the 
following manner: The instrument was placed in a bath of tepid 
water, so as to bring the temperature of all the materials compos- 
ing it exactly to the temperature of the water to be poured in. 
Thus, whatever diminution of temperature the latter might suffer, 
must be entirely due to the loss of heat by pouring. Four experi- 
ments, carefully made, gave the following results: Loss of tem- 
perature by pouring, at 170° F., 0.81°, 0.86°, 1.00°, and 1.07° ; mean, 
0.935° F. 

The following six values of the calorific capacity of the metals of 
the pyrometer, whieh share directly the temperatures of the in- 
closed water, including also the thermometer used with the instru- 
ment, were found by experiment: 0.1048, 0.1052, 0.1077, 0.1008, 
0.1028, 0.1104. 

Mean, 0.1053, 0 lbs. 1 oz. 11 drms, 
Add water, 1.8947, 


This mean was the value used. The instrument being put on 
delicate coin scales and counterbalanced, weights equal to 1.8947 
pounds avoirdupois, = 1 lb. 140z. 5 drms., were added to the coun- 
terbalancing weights, and cold water was poured in until the scales 
again balanced. 


md 
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The vessel and its contents were then just equal in heat capacity, 
while the temperature of the water was not above 38° F., to 2 
pounds of cold water. 

The heat-carriers were platinum balls, of three sizes : —— 


1 of 4,200 grains 0.6 lb. avoirdupois. - 


ar 1 of 2,800 grains 0.4 Ib. 
at 1 of 1,400 grains = 0.2 1b. 
. 
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Two vessels exactly similar were provided, and when duplicate 
observations were made for mutual verification, the two smaller 
balls were placed in one crucible, and the larger one, equal in 
weight to the two smaller ones, in the other. As the two instru- 
ments were sensibly alike, simultaneous observations with similar 
exposure should give, as they usually did give, temperatures 
equal within the limit 6f error to be expected—less than 10° F.— 
and oceasionally identical temperatures. 

Sometimes one of the smaller balls was used alone, to avoid rais- 
ing the water to a final temperature above the range of a delicate 
thermometer embracing only a few degrees, of half to five-eighths 
inch to 1 degree, graduated to 0.1 degree. 

The scale of the pyrometer, for the first approximation, was for 
the larger ball (and for the two smaller balls together), 100° to 1°; 
for the middle sized ball, 150° to 1°; and for the smaller, 300° to 
1°. In order to ascertain what correction, if any, should be made 
for cooling during the process of withdrawing the platinum balls 
from the tire and immersing them in the water of the pyrometer, 
several experiments were made upon the effect of cooling from 15 
to 35 minutes. The fire-brick, charged with its two crucibles with- 
out the covering brick, but with the covers of the crucibles in 
place (Figs. 167 and 168), was withdrawn from the fire in the 
usual manner, and the ball from one of the crucibles was put as 
quickly as possible into one of the pyrometers, and the notes were 
taken. The other crucible was then permitted to stand in the tire- 
brick, with its cover on, but exposed to the air of the room, usually 
15 minutes, sometimes 25 minutes, and in one case 35 minutes, 
when the balls from the crucible in question were put into the 
other pyrometer, and the notes were taken as before. 

When the two crucibles were emptied of their balls into the two 
pyrometers as quickly as possible, there were often discrepancies 
of 10°, 25°, or 50°, although accordance within 10° or less was fre- 
quent. These discrepancies resulted partly from errors of obser- 
vation, and partly, no doubt, from real difference of temperature ; 
and the apparent differences resulting from difference in the time 
of exposure to the air were therefore mixed up with errors of ob- 
servation, and with possible differences of original temperature. 
The mean cooling effect was 0.7° F. per minute, equal to 70° F. in 
the resulting temperature; and the range was from 1.2° to 0.2°, 
say 120° to 20° in the result. At all events it was small, and 
although most active at first, while the heat was greatest, the loss 
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was too small to require notice when the balls were immersed in 
the water of the pyrometer in 3 to 5 seconds from the time of 
opening the door to withdraw the fire-brick with its crucibles; as 
was usually the case when there was no accidental detention. 

7 THE USE OF THE PYROMETER. 

In using this instrument we have, in order to obtain the first 
approximation, to make two assumptions: Ist, That the specific 
heat of the water at the temperatures employed, will be constant, 
and equal to 1.00000; 2d, That the specific heat of the platinuin 
balls employed will be constant, and equal to 0.03333, that is, to 
gy that of the water. 

Since the largest platinum ball weighs three-tenths (0.3), as 
much as the water (including in all cases the heat value of the in- 
strument), it follows from the above assumptions that the heat capac- 
ity of the platinum ball will be one one-hundredth (0.01), of that of 
the water, including the inclosing vessel. Every degree, then, added 
to the temperature of the water indicates roughly 100° lost by the 
platinum ball. The error resulting from the inaccuracy of the first 
assumption is small, and may sometimes be neglected ; but with 
high temperature, where the range of temperature in the water is 
considerable, and especially when the initial temperature of the 
water is as high as 40° F., it is better to eliminate the error by the 


use of the following table of temperatures and corresponding British 
thermal units. For instance, if the initial temperature be 61°, and 
the final, 83°, the number of British thermal units added to the 
water will be: 

83.041 — 61.010 = 92.031; 


ou, 
and the loss of heat by the platinum ball, on the second assumption 
will be: 


x 100° = $908.19 
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Temperatures Fahrenheit, and corresponding number of British thermal units 
contained in water, from zero Fahrenheit. 


Deg. 


2.000 | 57.007 
33.000 5 58.007 
000 59.008 
35.000 009 
31.010 
iy 32.011 
38.000 53.012 
39.001 4.018 
001 5.014 
36.015 
2.001 37.016 
3.001 j 8.018 
002 19.019 
3.002 021 
72.023 
008 3 | 3.024 
9.003 026 
5.027 
004 3.029 
52.004 77 .0380 | 102 2.086 
53.005 032 3.089 
005 79 084 092 
55.006 036 5 5.095 
56.006 | 087 106.098 | 


The error arising from the inaccuracy of the second assumption 
is much more important, but is easily eliminated—at least approxi- 
mately—by the use of Table IV., which is carried out for every 
100° F., with certain intermediate points, for reference :—32° and 
212°, for verification of the pyrometer by these standard tempera- 
tures—melting ice and boiling water. 

At 446.2° F. the assumption of 0.03333 for the specific heat of 
platinum is correct. At lower temperatures the correction is minws : 
at all higher temperatures it is plus. The use of the table is obvious. 
Having found the approximate observed loss of temperature, cor- 
rected for variations in the specific heat of water, look for the near- 
est corresponding loss in column 6, “ observed loss of temperature ” 
etc., and if not found exactly, find the intermediate point by the 
aid of the proper difference in column 7. Opposite, in column 1, 
will be found the true loss of temperature by the heat-carrier, cor- 
responding to the observed loss. For instance, having found an 
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B. t. u. Deg. B. t. u. Deg. B. t. Deg. B. t. u. 
32 | 107 107.101 
33 108 108.104 
34 109 109.107 
110 110.110 
36 | 111.118 
37 112 112.117 
>. 38 113 | 113.121 
| 39 114 114.125 
40 115 115.129 
41 | 116 | 116.133 
117 | «117.137 
. 43 118 118.141 
44 119 | 119.145 
45 120 120.149 
46 121 | 121.153 
47 122 | 122.157 ; 
48 123 123.161 
49 124 | 124.165 
50 | 125 | 125.169 
51 126 | 126.173 
52 127 |} 127.177 
il 53 128 | 128.182 
54 | 129 | 129.187 
55 | 130 | 130.192 
56 | 131 | 131 197 : 
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observed loss of temperature, corrected for variation of specific heat 
of water, = 2203.1°, we find in column 6, 2152.1 which subtracted 
from 2203.1, leaves 51.0; and the tabular difference for 100° being 
131.7 = 1.317 for 1°, 51 divided by 1.817, gives 38.7. Turning 
now to column 1, we find opposite 2152.1, 1900; and adding 35.1 
we have 1938.1 as the (approximately) true loss of heat by the car- 
rier in cooling from initial temperature to 83° F., and 1938 + 83 
= 2021° F. as the initial temperature of the heat-carrier on its 
immersion in the water of the pyrometer. 

The manner of manipulating the platinum balls as heat carriers, 
is plainly indicated in Fig. 167. In most cases the covering brick 
may be omitted; but it should be used whenever, on account of ob- 
stacles in the way of rapid manipulation, more than four or five 
seconds are required to remove the crucibles from the fire and to 
immerse the balls in the water. 

For observations in the heart of the fire, the crucibles may be 
used without the brick. No bits of coal must be permitted to 
enter the crucibles; and this accident may be guarded against in 
some measure by binding on the covers with copper wire wound 
many times around. The wire will be speedily melted, but will 
endure long enough fairly to insert the crucibles and cover them 
with the glowing coal ; and, with care, they may be taken out with- 
out disturbing their covers. Thermometers should be delicate, not 
less than 0.3 inch to 1°, and graduated to tenths of a degree. 

They may then be read to hundredths, and temperatures may be 
determined within a very few degrees, 

It will be apparent, on reflection, that these tables can give only 
approximate results, and could be exact only upon the impractica- 
ble condition that the final temperature of the water and heat car- 
rier, after the immersion and cooling of the latter, should be, in 
every case, 32° F, 

But since the initial temperature must always be above this 
point, and the final temperature several degrees higher still, while 
the tables are based on the mean specific heat of platinum, or, with 
the compound balls—platinum and iron—between 32° and the re- 
spective higher temperatures included in the table, an error will 
result from the use of the tables, varying in magnitude with the 
number of degrees between 32° and the final temperature. To be 
exact, the tables should be expanded so as to embrace specific heats 
between 32° and, say, 100° F., varying by single degrees, or by 
small intervals—3° or 5°—at the lower limit ; and 190°, 200°, 300°, 
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etc., as in these tables, for the upper limit. Such tables would be 
cumbrous and inconvenient, and by no means worth while. The 
approximation given by the tables is pretty close, and may usually 
be made satisfactory. In most cases a rather closer approximation 
may be made by adding the number of degrees of final tempera- 
ture of the water to the observed loss of heat by the heat-carrier, 
before correction by the table, as already described. Thus, 2203.1 
+ 83.0 = 2286.1, corresponding, in Table IV., to 2001.7°. 

A still closer approximation may be made by subtracting 32° 
from the number of degrees of final temperature, and reducing the 
difference to pyrometer degrees, by multiplying it by the tabular 
difference, 0° to 100°, column 7, Table IV., which is 96.9 for 100°, 
= .969 per degree. The pyrometer degrees so found are to be added 
to the observed loss of heat by the heat-carrier, and the correspond- 
ing true loss is to be taken out of the table; and 32 added to this 
will give a close approximation to the true temperature of the hot 
ball. 

Thus, 838 — 32 = 51, and 51 x .969 = 49.4, and 2203.1 + 49.4 
= 2252.5. 

The next smaller tabular number in column 6 is 2152.1, and 
9252.5 — 2152.1 = 100.4, and 100.4 + 1.317 (131.7 + 100 = 
1.317) = 76.23. The number in column 1, opposite 2152.1 is 
1900, and 1900 + 76a + 32 = 2008.2° = the true temperature 
sought—to a close approximation. The.respective values found by 
the three methods are 2021°, 2002°, and 2008°, showing an extreme 
range of variation at this high temperature, of less than 1 per cent. 

Either method will usually be accurate enough. The first and 
second are equally easy of application, the third but little more 
laborious. Should more exact results be desired, the formula for 
specific heat may be used.* 


* For a discussion of the specific heat of platinum and iron, at various tem- 
peratures, or, more properly, the mean specific heat of these metals from 32° F. 
to higher temperatures, see ‘‘ Journal of the Franklin Institute,” Vol. LEXXXIV., 
third series, July-December, 1882, pp. 91, 169, and 252. Also, ‘‘ Transactions of 
the American Society of Mechanical Engineers,” Vol II., p. 42 ; and Vol. IIL., 
p. 17 
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TABLE IV. 


! 
Observed loss 
of temperature Differences 
by heat-carrier of observed 
in cooling: at loss per 100° 
assumed ratio Fahr. 
| H,O 30 to Pt 1. 


Temperatures sp. ht. of 
in deg. Fahr. | Platinum from Ratio of com- 
corresponding | 32° computed ht puted to assumed 
with specific for each 100 or each | ht.: viz. 1-80) 

heats column | 100° F. |water = 0.083333.! 100° F. 


108 


.031983 


.032080 
032286 
032588 


032624 
032891 
033193 
083833 
033496 
033800 
034108 
.034406 
034710 
035014 
035318 
035622 
035927 
036231 
036536 
036841 | 
087146 894.5 | 
037451 12: 2022.4 | 
2152.1 | 
2283.8 

2417.2 | 


‘ 1 2 3 | 4 | 5 6 | 7 | 
0 .95950 | 0.0 | 
96240 | 30.8 
803 907 96.9 
| 96857 96.9 | 
302 | 907 | 9.6 
212 
800 
2.3 
400 
446.195 
11 
500 
7 
600 
7.8 
700 
4 9.6 
oa 800 
1.4 
3. 
1 1000 
5.1 
1100 
69 
8.7 
1300 
0.6 
1400 
1 00 2.4 
4.3 
1600 
6.1 
7.9 
1800 
: 
= 1900 
1.7 
2000 
3.4 
2100 
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TABLE IV.—Continued. 


Temperatures ‘Mean sp. ht. of pigor. | Differ- Observed loss 
in deg. Fanr. | Platinum from of Ratio of com- of Of temperature Differences 
corresponding | 32° com muted : ht puted to assumed R tios by heat-carrier, of observed 
with | 100 oF each ht.: viz. 1-30 in cooling: at loss per 100° 
x1eats incolumn) deg. Fahren- \water = 0.033333 assumed ratio Fahr. 
2. heit. 100° |water 100° F. 4,0 30 to Ptl. 


0388674 .16023 
2300 038981 1.16942 
2400 039287 1.17861 
2500 039594 18781 2069. 
2600 039900 19701 3112. 
2700 040207 20622 8256. 
2800 040514 21543 3403. 
2900 .040822 | 22465 8551.5 
041129 23888 | 3701. 
041437 24311 | 3853. 
OUTS 25234 4007.5 


042053 26158 4163.2 


.042361 27083 4320. 


.042669 .28008 4480. 
309 

042978 28934 4641. 
309 

.043287 29860 4804.8 
309 

043596 .B0787 4969. 
309 | 

.043905 .31714 5136. 
209 | 

.044214 .32642 5305.6 


Table V., which follows, constructed in the same manner as 
Table IV.. but for iron instead of platinum, as a heat-carrier, re- 
quires no special explanation, as the use of the two tables is alto- 
gether similar. Iron can be used at all only at moderate tempera- 
tures, and the results obtained by its use must be crude, on account 
of its rapid change of weight by oxidation. Table VI. contains 


1 2 | 8 4 bast | 7 
135.3 
137.2 
139.0 
140.8 
142.7 
144.6 
146.4 
148.3 
150.1 
152.0 
153.9 4 
155.7 
3300 
3400 
159.5 
2 161.3 
3600 
163.2 
3700 
| 165.1 
3200 
166.9 
3900 
} 168.8 
4000 
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three columns of corrections: first, for platinum, corresponding to 
column 6 of Table IV.; second, for iron, corresponding to column 
8 of Table V.; and third, for a compound ball, composed of 700 
grains of fine wrought iron encased in 700 grains of platinum, 
formed intoa solid capsule, about 0.048 inch thick; the whole 
weighing 1,400 grains, with a heat capacity (at the assumptions for 
specific heat, for Pt, 0.03333, for Fe, 0.166666), equal to that of 
4,200 grains = 0.6 Ib. of platinum. The assumed specific heat of 


Fe being five times that of Pt (0.033 x 5 = 0.166), the 700 grains 


Fra. 167. 


PLATINUM BALLS, CRUCIBLES AND FIRE-BRICK BED AND COVER, AS ARRANGED FOR 
USE WITH THE WATER-PLATINUM PYROMETER, 


O O 


148. 


TOP VIEW OF LOWER FIRE-BRICK, 


of Fe are equal to 3,500 grains of Pt, and 700 grains added for 
the Pt cover, the total is 4,200. 

I had two of these compound balls, and often used them at 
moderate temperatures, 1,000° to 1,200° F., in direct comparison 
with solid platinum balls, without detecting any important discrep- 
ancies in the results. The advantage of the platinum cover is that 
the iron is protected from oxidation. The advantage of the iron is 
that there is great saving of cost. 


= =, 4 
HIN 
7 
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TABLE V. 


FOR IRON HEAT-CARRIER : ASSUMED sP, HT. = 0.166. 


| | | Observed | 


Tempera- Differences of) Ratio of Difference of 
tures in deg. Mean sp. ht.) §P-ht.for ‘computed to ‘atiofor tures by = 
Fahr., corre- of [ron, from) 100°. | assumed sp. each 100° heat-car- 

| 32° F., com- rier at 
with specific puted for | 4 3a assumed 

heats in each 100° F. ratio, H,O 
column 2. 0. 166666. | to Fe, 


rot 22 Ist diff. | a tol. “ist diff. | dit 


6 


| 
10587 63524 | 


10687 .64122 1966 
100 .10915 .65490 


~ 


22538 
200 .11290 3 | .67748 | 
212 11389 2: | 68082 | 2538 | 
300 11713 3 | 70281 


2823 
400 12184 73104 


3110 | 


.12702 


8394 | 
| .18268 


.13881 


14542 


16007 
.16667 

.16811 : 1109.5 
17662 1.05972 985 1271.7 
18561 5 1447.8 
19508 17048 | 1638.7 


; 1845.2 


21044 | 47} 1. | 287 | 2068.2 
.22638 | 48 | 1.85801 | 2808.6 
2877 1.42623 | 5 | 2567.2 
24955 49730 2844.9 
.26187 3142.5 


| 
| 
20 
6 | 4.5 
> 70.0 | 
185.5 | 5.3 
144 75.3 | 
) 21¢ 6.3 
| 88.7 | 
381.1 | 7.8 
a | 96.5 | 
600 | 477.6 | 8.9 
| | 105.4 
700 | 48 | .83289 | 285 583.0 | 
661 | | 3966 115.0 | 
800 .87255 | 285 698.0 | 10.6 
900 yy 111.2 
1000 12.3 
} 1082.! 49.1 
1100 13.1 
62.2 
13.9 
76.1 | 
1800 (14.8 
190.9 | 
4400 | 15.6 
1500 16.5 
223.0 | 
1600 
240.4 | 
1700 118.2 
1800 19.1 
277.7 | 
1900 19.9 
297.6 | 
9000 | 
‘a 
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TABLE VI. 


FOR HEAT-CARRIERS OF PLATINUM, IRON, ETC. (Pt, Fe), 


| | 
| Observed 
Observed Observed | loss of 
True tem- | loss of tem-  pifferences of | loss of tem- Differences of '*™Pera 
peratures in| perature by | observed loss | perature by | observed loss | (Ure by 
deg. Fahr., Platinum | for each 100° Iron heat- for each 100° comp nd 
correspond- | heat-carrier | Platinum carrier, at Iron _ heat-car- 
ing with | at assumed : assumed : | Fier, at 
observed tem-| “ratio of | ratio of assumed 
peratures in ht, sp. ht. H,O ratios of 
columns to Fe, | sp. ht. 
2.5, and 8. 6tol. 


| 1st diff | Ist diff = Fe, 4. 
| diff. +6 


Pt, 


Differences of 

observed loss 

for each 100°. 
Pt and Fe. 


Ist diff. 


82 
100 
200 


B00 


400 
446 
500 401.: 


499. 


605.2 


719.: 


975. 
1060. 
.1, 10938. 
| 1118. 


3.9 1278.1 
.8 1440. 
1638. 15.6 1619.2 


1845. 16.5 1811. 
| 


17.4, 2018.2 


18.2) 2239.6 
| 
119.1) 2476.4 | 
| 
19.9 2729.4 


q 
= 
* 
a 
2d 
1 | 2 9 10 
| 0 | 0 
30.8 65.5 22.2) 70.7 
(19 4.5 70.7 
| 98.6 70.0 74.8 
\ 195.5 1.9) 185 | 5.8 145.5 4.7 
7 207.5 | 100.5 144 75.3 154.8 79.5 
196 210 6.3 225.0 | 5.6 
102.3 81.6 85.1 | 
6.1 
6.9 
| L1VU0.U 98.1 | 
600 | 608.4 | | 477 
107.8 05.4 105.8 | 
700 716.2 | | 16 8.3 
109.6 115.0 14.1 | 
800 825.8 10.6 | 9.1 
=< ‘ | 111.4 125.6 123.2 | 
900 937.2 | 823 1 | 9.7 
| 113 2 136.8 32.9 | 
1000 1050.4 | 960 1 0.5 
1060 1119.5 | 115.1 1048 49.1 143.4 | ae 
1082.5 1145.9 1082 1 1.30 
| 116.9 62.2 154.7 | 
1200 1282.4 1.8 11.8 
| 118.7 166.5 
130 1401.1 | 1.9 
1400 1521.7 | 1.8 13.8 
| 122.4 192.5 
| 124.3 | 
1768.4 1.8 14.9 
= 126.1 240.4 221.4 
1700 1894.5 1.8, 2308.6 
127.9 258 236.8 
2022.4 1.8) 2567.2 16.2 
| 129.7 253.0 
1900 2152.1 | 2.0) 2844.9 17.0 
2000 2283.8 | | 3142.5 } 
— 
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rhe apparatus for heating platinum heat-carriers for the pyrom- 
eter consists of two black-lead crucibles, 2 inches inside diameter at 
the top, and 3 inches deep, with suitable covers, as shown in Figs. 
167 and 168, which are set into cavities in molded fire-brick, to avoid 
danger of accidental overturns. Platinum balls, each weighing 
0.6 lb. avoirdupois (4,200 grains = 272.16 grammes), or one such 
ball, and two of 4,200 grains aggregate weight, are placed in the 
two crucibles—4,200 grains in each-—covered up, and submitted to 
the heat in the desired exposure, long enough to insure uniform 
heating throughout. If the temperature fluctuates, as in most ex- 
posures will be likely to happen, the fire-brick and crucibles will in 
some degree integrate the fluctuations during the period of ex- 
posure, 

For moderate temperatures, not exceeding a low red heat, and in 
situations not admitting of the use of crucibles, a pair of tongs was 
used, four or five feet in length, of steel, quite slender, with the 
extremities of their jaws concave, of suitable form and size to re- 
ceive and cover the platinum ball, A link slipped over the handles 
held the ball securely, and permitted it to be put into places other- 
wise inaccessible, kept there until heated, and then withdrawn 
quickly and released to the water of the pyrometer. The tempera- 
ture of flue gases, and of the warm blast, determined in that way, 
agreed substantially with the readings of mercurial thermometers, 
in cases where these could be satisfactorily used. The temperature 
of the brick deep in the wall—near the inside, where the heat was 
too great for glass thermometers—was obtained in this manner. 
Many temperatures ascertained by the use of this instrument, in 
the fire, at the bridge wall, at the pier, and in the arch over warm- 
blast boiler No. 1, will be found under the proper head. 

2. Tue CaLorRIMETER.—This instrument, shown in section in 
Fig. 169, was the result of much study, and answered fairly the 
expectations formed of it. 

The lining, which is the true containing vessel, is of 24 oz. 
tinned copper, 17 inches in diameter and 82 inches deep, with a 
rim at the top 2.25 inches wide, of the same copper ; and weighs, 
complete, 27 lbs. avoirdupois. This was surrounded, sides and 
bottom by a case of galvanized iron (Fe and Zn), 18.5 inches in 
diameter, 32.75 inches deep, No. 26 Birmingham wire gauge, 
weighing 15.5 pounds. A second case surrounds this 20 inches in 
diameter and 33.5 inches deep, of galvanized iron No. 26 w. g., 
weighing 16.1 pounds, An outside case surrounds all, 21.5 inches 


4.1 


in diameter and 34.25 inches deep, of galvanized iron No. 18 w. g., 


weighing, with its handles, 48 pounds. There are, therefore, three 
chambers, each 0.75 inch thick, all around, sides and bottom, the 
outer one of which is filled with hair felt, the two others with eider 
down. There is a cover, also in three compartments, filled in the 
same manner. The lower compartment of the cover is a little less 
than 17 inches in diameter, and freely enters the 17-inch inner 

; the other two are 21.5 inches in diameter, and extend 


> 


Fia. 169. 
CALORIMETER. 


out flush with the outside of the case. The lower plate of the 
cover, and the cylindrical band around the lower third, are of 24- 
ounce tinned copper, and weigh 3 pounds. This copper lining of the 
calorimeter and of its cover, is supposed to follow closely all the 
changes of temperature of the inclosed water, and to be to a con- 
siderable degree insulated from the exterior parts, and from the 
outer air. 

A steam surface condenser, 15 inches in diameter and 12 inches 
high, is set inside, on short legs with broad, flat feet, near the 
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bottom of the 17-inch chamber; so that there is a space of 1 inch 
beneath it and all around it. 


The cylindrical case of this condenser is of sheet copper, 0.18 
inch thick, and the heads are of cast brazing copper of the same 


thickness, all united by brazing. There is a 2-inch brass tube in 
the middle; and 99 brass tubes, 0.5 inch outside diameter, are set 
by expanding, and sealed air-tight with soft solder, which is always, 
when the instrument is in use, immersed in cool water. This 
drum, or condenser, will safely bear an internal pressure of 200 
pounds per square inch. Steam is admitted into it by a 0.75-inch 
brass pipe near its upper end ; and water resulting from condensa- 
tion of steam is drawn off by a similar pipe placed so low as to com- 
pletely drain the lower head. Both of these pipes are made tight 
where they pass through the walls of the calorimeter, and each is 
provided with a screw-valve stop-cock. A 0.75-inch pipe, with a 
Bibb cock, is inserted in the barrel of the calorimeter, to draw the 
water out of it. 

The agitator, for insuring uniformity of temperature thronghout 
the contents of the calorimeter, is constructed as follows: A brass 
pipe 1 inch in diameter, about 34 inches long, freely perforated 
with holes 0.375 inch in diameter, having at the lower end a 
pivot to rest in a suitable step at the bottom of the barrel, passes 
down through the 2-inch tube of the condenser, and rises, when rest- 
ing in its step, to about the level of the top of the cover when in 
place. <A light three-legged spider, supported by light brass ears 
riveted to the lining of the barrel near the top, and having in the 
middle a short brass tube loosely fitting the tubular shaft, steadies 
the upper end of this shaft in an upright position when the cover 
is removed, and gives rise to no constraint when the cover is on. 

The cover has a bushing in the center through which passes the 
hollow hub of a miter gear of 4 inches pitch diameter, fitted to slip 
over the upper end of the tubular shaft when the cover is placed 
on the barrel. This miter gear ‘is held in its place in the cover by 
a collar on the lower end of its hub below the cover. It is loose on 
the tubular shaft—which it is designed to turn—but is at once 
locked to it by the insertion of a thermometer-case, the upper end 
of which is provided with a stopple fitting the tubular shaft, and 
fitted with two wings which pass through slots in the upper end 
of the tubular shaft, and engage with corresponding key-seats in 
the hub of the miter gear, locking gear and shaft together. A pipe 
box, having a stand and foot riveted to the cover, carries a short 
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horizontal shaft, on which, at the inner end, is a miter gear engag- 
ing with the one on the upright tubular shaft ; and at its outer end 
a crank, by means of which it may be turned, giving motion to the 
tubular shaft. 

A brass collar, fitted to slide on the shaft, carries twoarms of brass 
tube, 0.625-inch diameter, screwed into the collar, serving as set- 
screws, to fix the collar at any desired height, and as supports for 
vanes to agitate the water. These arms are about 7 inches long, 
and extend to within about an inch of the lining of the barrel. The 
vanes have two blades, each secured to hubs which slide and turn 
freely on the arms, and may be set in any desired position, and at 
any desired angle, by set-screws. These vanes may, therefore, be 
considered as propeller blades, which in turning in the proper diree- 
tion give an upward motion to the water at the outer part of the 
space it fills, accompanied, of course, by an equal downward motion 
in the middle; and produce a circulation most conducive to equali- 
zation of temperature, without any alternate withdrawal and _ re- 
immersion of any part of the apparatus, which must always be at- 
tended by some loss of heat. Some improvement could be made, 
particularly by reducing the weight of certain parts, such as the 
steam condenser, especially for low pressures—under 120 pounds 
per square inch ; but the general principles are believed to be sound, 
and the operation was fairly satisfactory. 

It should be mentioned that blocks of dry pine wood were 
placed in the spaces at the bottom, under the feet of the condenser, 
to support the heavy weight of this part; yet this weight and the 
feet which support it are a source of great anxiety in moving the 
instrument, especially in shipping it long distances by rail, lest the 
feet should cut through the light copper lining of the barrel. A 
better plan would be to support the condenser on molded blocks of 
hard rubber of sufficient size to distribute the weight. 

It was necessary to ascertain the number of pounds of water 
which might be taken as the equivalent of so much of the metal of 
the instrument as must be assumed to follow promptly all changes 
of temperature in the contained water. Three methods were pur- 
sued for this purpose : 

Ist. By direct calculation from the known weight and specific 
heat of the metals so situated ; 

2d. By drawing into the calorimeter, cooled down to a low tem- 


perature, a weighed quantity of water of a known higher temperature, 
and observing the resulting temperature—the method of mixture ; 


a. 
a 
6 
{ 
= 
4 
4 
7, 
| | | 
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; 8d. By condensing a weighed quantity of steam of known press- 

sure and temperature, known also to be dry saturated steam, because 
drawn from a quiescent boiler; with a weighed quantity of water 
of known temperature in the barrel—again the method of mix- 
ture, 
_ By the first method we obtain: 

rABLE VIL 

bd EFFECTIVE HEAT VALUE OF THE CALORIMETER, 


Effective 
‘ heat 
Weight Specific 
Pounds. | eat. u. 
| 
Tin "004 
| .70 
.048 .10 


i | 


NAMES OF METALS. 


The mean specific of the mass, at the usual temperatures, is there- 
17.19 
fore - = .0937. 


183.45 
a By the second method : 
We have first to ascertain the limits of error in drawing off and 
weighing water from the steam condenser, as follows : 


FIRST TRIAL, 


Weight of water poured in Ibs. 11.80176 

Weight of water drawn out ** 11.82324 

Apparent excess drawn out ** 0.02148 
Ratio of excess 


SECOND TRIAL. 
Weight of water poured 
Weight of water drawn out 11. 79785 
Apparent deficit drawn out. * 0.02344 


THIRD TRIAL. 
... Tbs, 11. 80566 
** 11.82324 
Apparent excess drawn out ** 0.01758 
Ratio of excess 


| 
| 
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Combining the errors of the three trials, we obtain: 


TABLE 


ERRORS OF POURING IN, DRAWING OUT, AND WEIGHING. 


| 


| POUNDS. | OUNCES. | PER CENT. 
| | 


First error ..+)| 0.02184 0.8498 0.1818 
0.02340 0.374 | 0.1985 
Third error 0.01758 0). 281 0.1483 
Means | 0.02092 | 0.335 0.1762 


It will be seen that the errors are in opposite directions, and that 
they include errors of pouring in and of drawing out; and of two 


weighings. The error of drawing out and one weighing, is there- 
fore less than one-third of an ounce, less than one-fiftieth of 


| 


170. 
APPARATUS FOR TESTING THE HEAT CAPACITY OF THE CALORIMETER. 


_A, Cask containing about 300 pounds E, Calorimeter. 
7 of warm water. F, Platform scales weighing to ounces. 
_B, Iron pipe and stop-cock. G, Thermometer, graduated to } de- 
_C, Thermometer in warm-water pipe. gree F, 

D, Rubber hose for warm water. H, Stand to support cask, A. 


pound, and less than one-sixth of one per cent. on quantities of 11 
to 12 pounds. The calorimeter was accurately leveled before mak- 
ing the experiments. 

In testing the heat capacity of the calorimeter by this second 
method, the apparatus represented in Fig 170 was used. 


7, 
| 
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The calorimeter was brought to about the temperature of the 
room, in order to reduce to a minimum its changes of temperature 
by external influences; and after sufficient use of the agitator to 
bring the contained air to uniformity, readings of the central ther- 
mometer were taken once a minute during several minutes, in order 
to obtain the direction and rate of any change which might be ob- 
servable. Meantime the cask A, of capacity considerably greater 
than that of the calorimeter (which is 200 Ibs.), was filled with 
water by a hose, and warmed by steam, also by means of a hose, to 
25° F. or more above the temperature of the room, only taking 
care to avoid a temperature so high as to cause rapid loss of heat 
by evaporation. After careful agitation with a stirring-stick, its 
temperature was taken, and a little drawn off, to waste, through 
the hose D (removed from the calorimeter), to bring the pipe and 
stop-cock B and the hose D to uniform temperature with the 
water. The stop-cock was then closed, and the end of the hose 
inserted in the upper end of the tubular shaft of the agitator, from 
which the thermometer and its case had been removed, as seen in 
Fig. 170; and the stop-cock was opened, and the water was allowed 
to flow from the cask into the calorimeter. Readings of the ther- 
mometer C were noted every 15 seconds during the filling, which 
takes 5 minutes. The temperature was pretty nearly uniform, and 
such variations as were observed, were due, it is probable, to im- 
pertect mixing. 

When the scales indicate that about the required quantity of 
water has flowed into the calorimeter, the stop-cock is closed, the 
hose is removed, the thermometer G, with its perforated tubular 
case, is replaced, the agitator is put in motion, and a set of read- 
ings of the thermometer G is taken at intervals of 1 minute (or 
less), for 5 minutes. The rate of cooling, which is regular, and 
very slow, being thus ascertained, it can be carried back to any 
desired point of time—in practice, to the time when the calorimeter 
was half full; and ina similar manner the slowly and regularly 
changing temperature cgn be brought forward to the same point of 
time. It is of course plain that the difference of these two tem- 
peratures at the same instant, will be the measure of the calorific 
capacity of the calorimeter. 

It is necessary to compare the two thermometers, C and G, and 
to allow for any difference which may be found in their readings 
in identical cireumstances. It was found that when both were im- 
mersed in water at 95° F.to the same extent as when used in these 
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determinations, the latter (G) read 0.3 deg. dower than the former 
(C The observations follow. 


TABLE IX. 
DETERMINATION OF THE HEAT CAPACITY OF CALORIMETER. 


| > 
Time of readings by Readings of thermome- Readings of thermome- —— = gen 
Auburndale horse-" ter G when calorimeter ter G after calorimeter White calorimeter is. 
timer. is empty. is filled with water. “Ailing — 


Began to fill calo- 
rimeter with warm 
water. 


76.975 


Filled. 


By extending the range according to the ascertained rate of 
change of temperature, we obtain : 

Change of empty calorimeter per minute, 0.05° during 3.5 min- 
utes, 4 minutes to 7.5 minutes, and .05 x 3.5 = 0.175°, to add to 
76.8°, making this temperature when half the water had entered 
the calorimeter, 76.975°. 

Change of water after filling the calorimeter, 0.05° per minute 
during 4.5 minutes, to be carried back 4.5 minutes, from 12 min- 
utes to 7.5 minutes, and .05 x 4.5 = &.225°,to be added to 
98.725°, making 98.950°. 

Temperature of warm water before entering the calorimeter, 
101.6°. 

Weight of calorimeter and water, pounds ................. 489.125 
Weight of empty calorimeter, without thermometer and 
315.250 


173.873. 


| 
th 
1 | | 3 | 4 
Min. Sec. | 6.6 = = 
2 0 76.70 
i 6 101.6 
7 101.60 
8 | 101.6 aa 
12 98.725 
40 98.625 
17 98 .500 
i 
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To the temperature ascertained by thermometer G, we must add 
0.3°, by which amount it read lower than thermometer C, making: 
76.975 + 0.3 = 77.275, and 
98.950 + 0.3 — 99.250. 
Corrected for the varying specific heat of water, the correspond- 
ing number of British thermal units is set opposite each tempera- 


ture, respectively, in the following table: rl git 
TABLE X. 


QUANTITIES OF HEAT IN BRITISH THERMAL UNITS. 


Degrees. | B. t. u. 


77.3056 
99 .3278 
101.6848 


+ 18.61) x (101.6848 — 99.3278) 
101.6848 — 77.3056 
9.357 
_ 199.485 x .09668 = 18.61. 
The value of z = 18.61, the quantity sought, has to be found by 
a tew trials, beginning with 17,19, found by the first method, which 
proves to be too small by 0.8 per cent. to satisfy the conditions of 
the equation. 
Nine other similar determinations gave, with the foregoing, the 
ten following values: 18.09, 18.61, 18.50, 18.92, 19.06, 19.10, 
19.20, 18.40, 18.55, 19.42. 
= To this add for solder put on afterward, 2.09 Ibs., sp. ht. = .048.. 210° 


Calorific value of calorimeter as ascertained by the second 
method 

This is nearly 10 per cent. more than was found by the first 
method, p. 719, which was 17.2. ie i 

By the third method: iit 

At 5 hours 45 minutes P.a., when for an hour no steam had 
been drawn from the boiler, while steam pressure at about 51.6 
pounds per square inch by a test guage had been steadily main- 
tained, the steam must be considered as substantially “ dry, satu- 


| 
7 Water, calorimeter half 99.25 
Water before entering calorimeter.................. 101.6 “ss 
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rated steam.” It could not be ‘‘ superheated,” because there was 
no superheating surface ; and it could not contain much suspended 
water in liquid form, because there had been no ebullition for an 
hour, and the ebullition caused by drawing off to the calorimeter 
45.4 cubic feet of steam—less than one-half the cubic contents of 
the steam space—through a 3-inch pipe, must have been very 
slight. 


Account of the experiment to determine by the third method the — 
heat capacity of the calorimeter. 


Height of mercurial barometer, inches.................4. 29.51 
Atmospheric pressure ; lbs. per sq. inch 14.494 
Steam pressure by steam gauge 

Steam pressure, absolute 

Number of B. t. u. contained in one pound of steam of 


66.094 lbs, per sq. inch pressure, absolute 


| Temperature to which water condensed from steam was 


reduced in the calorimeter 
Number of B. t. u. contained in water of temperature 
Number of B. t. u. 1 Ib. “of: steam on con- 
densation and cooling to 85.75’, 1205.1060 — 85.7965 = 1119.3095 
Quantity of water from condensed steam, drawn off and 
7.238 


af “Total number of B. t. u. given up by 7.288 pounds of 


q ‘Temperature of wate iorimeter before admitti 

; perature of water in calorimeter before admitting 

steam, degrees F 48.45 

Number of B, t. u. contained in each 1 1b. of this water. . 48.453 
_ Number of B. t. u. gained by each 1 Ib. of this water in 

7 rising from 48.45° to 85.75°, 85.7965 — 48.4530 =.. . 3435 
i, ‘Total number of B. t. u. imparted to the water, divided 
» shy the number of B. t. u. gained by 1 Ib., 8101.5622 + 

37.3435 = .9470 


Weight of water in calorimeter .0000 
- Water value of calorimeter, lbs... .9470 


This result is only 1.47 per cent. less than the result obtained by 
the first method, and is strongly confirmatory of that result; espe- 
cially in view of the fact that several experiments made in circum- 


* when the value 


stances nearly similar, gave “saturated steam 
17.2 was used for the calorimeter. 

This third method is entitled to much weight, because it is pre- 

cisely the method pursued in ordinary use. Yet it seems hardly 

probable that this value can be less than we have found it to be by 

- direct ealculation, - the first method (p. 719); and I have there- 


| 
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fore adopted as the heat-equivalent of the calorimeter, in the follow- 
ing calorimetric work, in terms of water, 17.2 pounds. 

The work done with this instrument, will be found in the sequel. 

Tur ANEMOMETER.—The germ, and perhaps something more 
than the germ, of this beautiful instrument, is to be found in Weis- 
bach’s Lehrbuch der Ingenieur - und Maschinen-Mechanik, Braun- 
schweig, Friedrich Vieweg und Sohn, 1857, vol. 2, pp. 734, 735, 
under the name of the Wollaston Anemometer. In its present 
form, it is the joint production of Mr. F. H. Prentiss and the 
writer, although the principal share belongs to Mr. Prentiss. 

Two glass tubes (Fig. 171), about 30 inches long, about 0.4 inch 
diameter inside and 0.7 inch outside, are connected 
at each end by means of stufting-boxes, to suitable 
brass attacliments, through which they are secured 
to a backing of wood. 

These attachments, at top and bottom, have each 
a tubular opening, with a stop-cock in the middle of 
its length, which can be turned at will to establish a 
free communication between the glass tubes, or to 
shut off all communication. Directly over each tube 
a brass drum-shaped vessel is placed, 4.25 inches in 
length and of equal diameter. The heads of these 
drums, at both ends, are formed of plate glass, prop- 
erly secured with screw-rings, and made tight with 
suitable packing. A tubular opening extends up 
from each glass tube to the drum above it, and there 
is a hole in each drum, directly in line with the axis 
of the glass tube, each fitted with a stop-cock and a 
nipple tor attaching a flexible pipe. Two sliding 
scales are arranged between the glass tubes, to meas- 
ure, the one depressions, the other elevations of the 
surface of a liquid filling the lower half of the tubes, 
indicated in the cut, Fig. 171, near the middle of the 
height. Both stop-cocks are represented in the cut 
as closed. 


The lower one being opened the two tubes, in 
communication at their lower ends, are filled up to 
about the middle of their height with a mixture of 
alcohol and water, care being taken to avoid wetting 
the interior of the upper end of the tube poured through—the 


pouring being done throngh a small glass tube inserted through 


Fie. 171. 
ANEMOMETER, 
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the hole at the top of the drum, from which the stop-cock is re- 

- moved for this purpose. The filling-tube is now to be raised so 
oe its lower end is a little above the surface of the alcohol and 
water, the lower stop-cock is to be closed, and the upper one opened ; 
and crude olive oil is to be carefully poured in until it fills the 
first tube up to the upper cross-tube into the second tube, and s 
finally tills both tubes and rises to about the middle of both drums. 7 


The erude olive oil is of an olive-green color, and forms with the 
colorless alcohol and water a beautiful and very deep meniscus, if 


the tubes are clean, and the filling has been done with sufticient 
-eare, making the line of demarkation very distinct. Neither liquid 
discolors the glass, and if up-and-down motions are made cautious- 


ly and slowly, the liquids do not mix, and the common surfaces 
remain undisturbed. The specific gravity of the oil should be de- 
termined i in advance, as it may vary a little, although we found it 
quite uniformly 0.916, The specitie gravity of the alcohol and water 
‘may be made anything desired, between that of water, 1.000, and 
that of absolute alcohol, 0.813; but must always be inade greater 
~ than that of the olive oil. 
Where extreme delicacy is desired, the difference may be as small 
as 1 per cent.; that is, if the oil be as above, .916, the mixture of 
alcohol and water may be, .926. If the difference be much less 
than 1 per cent., the upper and lower liquids have a tendency to 
get into confusion, and do not constantly maintain a distinct line 
of demarkation at their common surface. For many purposes, a 
difference of specific gravity as great as 2 per cent. will give sufti- 

_ cient sensitiveness—fifty times as much range as a water column— 
and is more convenient to use. 


The method of using this instrument to ascertain the force of 
chimney draft or other air current, is as follows: If both the 
-stop-cocks between the tubes are opened, and both the small stop- 
cocks on the top of the drums are also opened, so that the surface 
of the oil in both drums alike is open to the air, both liquids will 
come to a level ; the oil in the drums, very obviously, and the heav- 
ier mixture below the oil as certainly, if not quite as obviously ; 
since if higher in one tube than in the other, the united weight of 
the two liquids in that tube must be greater than in the other, and 
- must cause the liquid to sink down and flow into the other tube, 
raising the surface of the oil in the drum over that other tube, and 
— A causing it to flow across to the first tube, until both liquids are 
brought to a coincident height in the two tubes. 
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A slight difference will, however, commonly be found in the 
height of the lower liquid, owing to the unequal capillarity of the 
tubes, since these can rarely be obtained sufticiently near alike in 
caliber to avoid, when in equilibrium, a small, but sensible differ- 
ence of level, which must be ascertained and allowed for. 

If, now, the upper stop-cock between the tubes be closed, the 
lower one being lett open, the surfaces of the two liquids will retain 
their respective heights in the two tubes, so long as the surface of 
the oil in the two drums remains subject to equal pressure. But if 
one drum be put in communication with a flue or chimney, by 
means of a flexible or other tube connected with the nipple of the 
small stop-cock—this stop-cock being open—while the other drum 
remains open to the air through its open stop-cock, the diminished 
pressure, due to chimney draft, upon the surface of the oil in that 
drum, will cause the oil to flow up into the drum, under the prepon- 
derating weight of the air on the surface of the oi] in the other drum. 

The surface of the oil in the drum is about 100 times as large as 
the inside cross-section of the glass tubes, and in the saine propor- 
tion wil! the rise of the lower liquid on the one side, and its de- 
pression on the other, exceed the corresponding rise and depression 
of the upper surface of the oil. 

If now, when equilibrium has been restored, the lower stop-cock 
be closed and the upper one opened, and the connection with the 
flue or chimney be severed—say by removing the flexible tube from 
the nipple—the lower liquid will be kept immovable, while the oil 
will flow through the upper cross-tube, and come to a common 
level in the two drums. On connecting the nipple again with the 


flue or chimney, and again closing the upper stop-cock and opening 
the lower one, a diminished repetition of the former action will 
take place ; the lower liquid will rise a little in one tube and fall 

little in the other, and the surface-level of the oil in the two 
drums will again become slightiy unequal. This inequality, which 
will be much less than before; may be again removed by the same 


method ; and a very few repetitions of this process will bring the 
difference in level of the surface of the lower liquid in the two 
tubes (corrected for inequality of capillary attraction, as explained 
above), to represent the entire difference in pressure on the sur- 
face of the oil in the two drums, due to the draft of the chimney ; 
that is, a certain known height of column, filled, in one tube with 
a mixture of alcohol and water of specific gravity 0.926, with the 
flue-pressnre resting on its surface, is just balanced by an equal 
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height filled with olive oil of specific gravity 0.916, with the press-_ 
ure of the atmosphere resting on its surface. The differential col- 
umn, therefore, represents a water column one-hundredth part as 
high, or a column of mercury ;3y5 part as high. A draft which 
would be measured by 0.01 inch of mereury, or by 0.136 inch of 
water, would, on this anemometer, be measured by 13.5 inches of 
‘Uifterctia column. It is therefore a hundred times as sensitive as 
a water column, and more than 1,300 times as sensitive as a mer- 
-cury column. If too sensitive, so that the required range would 
exceed the limits of the instrument, its sensitiveness can be re- 
duced to any desired extent by a larger admixture of water, or by 
“the use of pure water, as described by Weisbach, in which latter 
case the difference of specific gravity w ill be (1.000 — 0.916) = 0,054, 
and the sensitiveness 11.9 times as great as that of water alone, and 
160 times as great as that of a mercury column, 
This instrument with the respective specific gravities 0.937 and 
0.916, difference, 0.21, equal to 2.1 per cent. was sensitive enough 
_ to show plainly the reduction of chimney draft caused by opening 
a sliding register .n the fire-door for the admission of air above the 
fire, giving an aggregate open area of no more than six square 

inches. An instrument of such delicacy for determining pressures 
affords the best attainable data for estimating the velocity of air 
currents, far superior to the Casella revolving anemometer, or any 
other known to ne. I will only add that after trying almost every 
applicable substance for packing the stufting-boxes around the ends 
of the glass tubes, rings of cork, cut out of sheets of fine cork 
0.25 ‘er thick, of suitable size to go tight over the tubes without 
bursting open, and to go easily into the stufting-box, answered best ; 
that is, they stopped all sensible leakage; but there was still a slow 
waste of alcohol—and perhaps of water also—by insensible leakage, 

and evaporation on coming to the air. - The compression of the 
cork was very great; six rings of 0.25 inch each—1.5 inches in the 
aggregate, were compressed into a thickness of less than an eighth 
of aninch. Too much care cannot be taken to make al] joints and 
stop-cocks tight. All passages through the brass should be drilled, 
and to this end, the turns at the lower end should be rectangular, 
instead of curved quarter-turns, as shown in Fig. 171. 

4. Tue Incasep Anrrotw.—This is simply a fine aneroid ba- 
rometer, 8.12 inches outside diameter, 2 inches in thickness, put into 
a brass case, resembling the case of a large steam gauge, fitted with 
a stout ring, by means of which a ia teatniaceen cover is made air tight. 
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A 3-way cock at the bottom, connected by a flexible tube with a 
pipe inserted in a flue, affords facility for observing, alternately, 
and as often as desired, the difference between the barometric press- 
ure of the external air, and the rarefied air within the brass case, 
outside of the aneroid, when the cock is open to the flue. Each 
inch of mercury is represented by an are 2.21 inches in length, 
divided to tenths and fiftieths. Each of the smaller divisions is 
therefore equal to .044 inch, and to 1.12 millimeters, and is easily 
divisible by the practiced eye, to tentlis, equal to .002 inch mercury, 
representing say 0.001 lb. pressure per square inch, and to .0277 
inch of water, A hole 0.5 inch diameter, properly located in the back 
of the case, and stopped with an air-tight screw plug, gives access, 
ou removing the plug, to the adjusting screw of the aneroid, so 
that the latter can be compared—and if it need be adjusted—by 
the mercurial barometer. This instrument was found convenient 
and useful, 

5. Tue Mercurtar Barometrer.—This was an ordinary “ Sig- 
nal Service” barometer, by J. & H. J. Green, New York, with 
freshly boiled mercury, and in all respects in good order. All ob- 
servations were corrected for temperature, by attached thermometer. 
The floor of the boiler room is about 37 feet (11.28 meters), above 
mean tide in Boston harbor, and the barometer itself, as observed, 
40 feet. This elevation is equal to 0.0456 inch of mercury and to 
0.093 lb. per square inch. The mean weight of the atmosphere 
is therefore: 29.9218 — 0.0456 = 29.8762 inches, and to 14.696 


— 0,093 = 14.603 Ibs. per square inch. Lawrence is 26 miles N. 
by W. from Boston, in Lat. 42° 42’ 30” N., Long. 71° 10° 0” W. 
The value of g (the force of gravity) is 32.163. 

6. Tue Hycromerrer.—This was the wet-and-dry bulb “ Hygro- 
phant,” of J. S. F. Huddleston, Boston. The observations were 
reduced by Guyot’s Tables, 3d edition, Smithsonian Institution, 
Washington, D. C. 


7. TurxmMomeErers.—These were many in number, and in con- 
siderable variety ; all which were used for purposes requiring ac- 
curacy being tested by Mr.J. 8S .F. Huddleston, Boston. All were | 
graduated to the Fahrenheit scale, some to half degrees, some to 
one-fifth degree, and some to one-tenth degree. One long and deli- 
cate thermometer, sole survivor of its class, is described as follows: 


Whole length 
Length of bulb (mean) 
Diameter throughout 


? 
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Length of graduated stem 
Graduated, range, 19° to 88° = 
Graduated to ;'; degree. 

Whole weight 


Hg, 19.5¢ 
Sp. ht. glass, .1923 ; Hg, .0290, mean, .1705. 


1405 x .1705 
Heat value, = -034 B, t. u. 


This thermometer was used with the steam calorimeter, as were 
others similar to it, which were broken. Being accurately cali- 
brated and carefully divided, .4375 inch to 1°, 0.487 = 1.11 milli- 
meters to 0.1°, it may be read with much confidence to 0.01°. It 
is not to be venmened that actual temperatures, above 0° F. could be 
determined by it to this degree of accuracy; but differences of 
temperature, within a moderate range, as in calorimetric experiments, 
may be considered as correct within less than 0.01° at each reading, 
say 0,02° in the observed range. Ona range of 10°,asin pyrometry, 
this would be 0.2%. On a range of 50°, as in calorimetry, 0.044. 

8. Winckter Apparatrus.—This clever and convenient in- 
strument for ascertaining, approximately, the quantity of carbon 
dioxide (CO,) in flue gases, by the volumetric method, will not 
be described, as it exists, so far as I know, in only one form, and 
is to be obtained from dealers in chemical instruments, apparatus 
and materials. It is not delicate enough to determine the quantity 
of carbon monoxide (CO), but will detect traces of it when 
present. 

But this gas will never be found in more than very minute quan- 
tities in any reasonably well-managed fire, and for the convenient 
and expeditious determination of the CO,, and consequently of 
the quantity of atmospheric air per pound of carbon (and per 
pound of coal, if the composition of the coal is known), the 
Winckler apparatus is very valuable. It was used in these experi- 
ments only as an auxiliary—the CO, and CO being ascertained 
throughout by the more accurate gravimetric method. 

9. Tue Geisster Butss.—These are used in determining both 
the CO, and the CO in flue gases, by the gravimetric method, and 
are seen suspended from the scales, and also in place in the appa- 
ratus, in Fig. 172 (to be introduced in the sequel). I remark only 
that they should be of large size, in order to deal with considerable 
quantities of the absorbed gases 

10. Tue Cuemicat BaLance also, should be of large size, 
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to weigh 200 milligrammes without injury to the scales; and of 
the best quality obtainable. The one used in these experiments, 
was made by H. Troemner, Philadelphia, weighing up to 200 
grammes, = 3086.5 grains, or about 0.44 Ib, av., divided to weigh 
to tenths of a milligramme, but capable, by skillful manipulation, 
of weighing to twentieths of a milligramme (.00005 gramme). 

11. Tue Sream Gaver.—A 10-inch Bourdon steam gange, made 
by the American Steam-Gauge Company, compared with a mer- 
cury column—as often before—both before and after the experi- 
ments, was put into a position where it could not be affected by heat 
from the boilers, and kept shut off except at the time of quarter- 
hourly readings. Every opening of the stop-cock, to let the press- 
ure come to this gauge, produced an instantaneous lowering of the 
pressure in the small pipe leading from the boiler, and recorded 
itself by a slight mark on the trace of the Edson recording press- 
ure gauge—-a very satisfactory check upon the accuracy of the 
readings in point of time. 

12. Tue Epson Pressure-Recorpine Gavcr.—Continuons 
tracings from this instrument—night and day—were taken, and in- 
tegrated, for comparison with the record of the test gauge. 

A set of these tracings, for one week, will be found reproduced 
hereafter. 

Some other minor pieces of apparatus will be briefly described, 
so far as necessary, in connection with the account of their use. 


It is proposed next to present a general summary of resulta, 
followed by a condensed record of the weekly experiments. 


| 
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GENERAL SUMMARY OF RESULTS. 


PactFic BOILER: Cold Blast, Natural Draft. 
Warm-Buast Borer No. 1: Abstractors with double tubes. 
Warm-Biast Borer No. 2: Abstractors with deflectors, applied to the 
** Pacific Boiler.” 
The results with anthracite, in the Pacific boiler, are the means _ 
for five weekly trials; all the others are for single weekly trials. 


| Anthracite. | Bituminous. 


Coal consumed, net, per week : | 
16264 12890 
20368 15184 
16740 | 


147039 121590 
180542 14507 5 


Pounds of water per pound of coal : 


Warm Blast No. 1 
Warm Blast No. 2 


Steam gauge pressure above atmosphere, pounds per 
square inch : 


Pacific Boiler 


Warm Blast No. 2 


-4 
Steam pressure, absolute : | 


Warm Blast No. 1 


a 
a 
Water evaporated pe 
| 
: Mean temperature of feed water : | i 
71.90° | 72.40° 
Mean temperature of external air, days: 
78.3° 
4 49° | 
an 
47.54 47.30 
> 42.50 | 
A Mean barometric pressure, pounds per square inch : | 
4 Pacific Boiler. ....... 14.47 14.61 
Warm Blast No. 14.64 | 14.66 
Warm Blast No 14.70 
* 
62.01 | 61.91 
69 .04 79.06 
Worm Blast Mo. 57.20 
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Anthracite. Bituminous. 


Pounds of water evaporated from and at 212° F., 
pound of coal, days and nights: 


Pacific Boiler 


Water cianiaiaal from and at 212° F. by day, 
pound of coal burned during days and nights : 
Pacific Boiler 
Warm Blast No. 1 
Warm Blast No, 2 


Evaporative power of coal : 
Pacific Boiler 
Warm Blast No. 1. 
Warm Blast No. 2 


Efficiency, days, per cent. : 


Pacific Boiler 
Warm Blast No. 1 
Warw Blast No. ‘ 


Efficiency : water, days ; coal, days and nights, per 
cent. 
Pacific Boiler 


Losses : per cent., complement of efficiency : water, 
days only ; coal, days and nights : 


Losses, per cent., at chimney, by radiation from brick- 
work, and by imperfect combustion, = CO : 
Pacific Boiler, chimney 


Warm Blast No. 1 chimney 
Radiation 


Warm Blast No. 2, chimney 
Radiation 
co 


7330 
10:81 11.54 
11.12 
per i 
10.00 10.72 
z= 10.77 
Efficiency, days and nights, per cent. : 
87.76 
68.87 64.61 
74.35 74.96 
2.64 3.39 
2.13 2.85 
20.52 | 28.27 
| 
19.63 19.30 
6 
| 18.26 | 
i, 


Anthracite. 


Temperature of s noke-box, Fal. : 
Pacific Boiler 868 .3° 
Warm Blast No. 1 396 .9° 
Warm Blast No. 2 377 


Temperature of air supplied to furnace : 
Pacific Boiler 78.3 
337.7 


384 


368 .3° 
189 
164 
Gases cooled by abstractors : 
Pacific Boiler 
Warm Blast No. 1 
Warm Blast No. 2 


Air warmed by abstractors : 
Pacific Boiler 


Temperature of steam, days : 
Warm Blast No. 1 
Warm Blast No, 2 


Difference of temperature, boiler and gases : 
Pacific Boiler, gases above boiler 
Warm Blast No.1, ‘ below 
Warm Blast No.2, ‘* below * 


Difference of temperature, boiler and air supply : 


Pacific Boiler, air below boiler 
Warm Blast No. 1, above 
Warm Blast No. 2, above 


Pounds of flue gases per pound of coal, days : 


Pounds of water equivalent in heat capacity to flue 
gases per pound of coal ; sp. heat of gases = 0.288. 


Pacific Boiler 


British thermal units carried off in gases per pound of 
coal, days : 


Pacific Boiler 
Warm Blast No. 1 
Warm Blast No. 


Bituminous. 


376.9 


TRIALS OF A WARM-BLAST APPARATUS. 
| | 
4 
q 
gre 
349.5° 
x 876.9° 
196° 
201.4° 
‘ 
297.5° 297 .3° 
361.1° 322.6° 
291 .2° | 
| 
79.6° 
126.6° 
226 .3° 
| | 
| 22.890 25.28 
23.49 28.37 
24.17 
_ 5.33 | 6.00 
= 5.59 6.75 
5.735 
| | 
1576 | 1835 


® 
TRIALS OF “£ WARM- -BLAST APPARATUS 


| Anthracite. Bituminons. 


Efficiency corrected for difference in temperature of 
external air, and difference in time of banking fires: 
Pacific Boiler 
Warm Blast No. 
Warm Blast No. 2 


Difference of Efficiency : Points gained by warm 
blast, over Pacific Boiler, cold blast : 


Warm Blast No. 
Warm Blast No. ‘ 


Ratio of gain tothe larger quantity (;244 = 11.9% ete.) 


Warm Blast No. 1 
Warm Blast No. 2 .... 


Ratio of gain to the smaller: quaniuty (3.9; 
etc.): 


Blast No, 1 
Warm Blast No. 


The power consumed in driving the blower is about 1 per cent. 
of the whole power produced by the boiler in combination with a 
good steam engine. 

It therefore appears that the net saving effected by the warm 
blast was from 10.7 to 15.5 per cent. of the fuel used with cold blast, 
which is the same thing as to say that discontinuing the warm blast 
would cause an increased consumption of fuel equal to from 12.3 
to 18.9 per cent. of the quantity used with hot blast. Broadly 
stated, the gain is 10 to 15 per cent. 

7. 
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CONDENSED RECORD OF WEEKLY EXPERIMENTS. a 
1ey 


The following tables are greatly condensed, embodying, as the; 
do, the summing up of more than 1,250 pages of notes taken dur- 
ing the tests, and the results of very laborious calculations. Table 
XI., vecupying eleven pages, is progressive, the successive sections, 
numbered at the left hand 1 to 38, requiring for their full explana- 
tion only preceding sections. Observe, that the line “ Mean, for 
anthracite,” gives for the Pacific Boiler (cold blast), the means of 
the first 5 weeks, A, B, C, D, E; and for the Warm-Blast Boiler, 
the means of the first and third week, G and I—the single weeks, 
F and H, are to be compared with the corresponding means. 
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The line “ Me: an of all,” in each section, has not much signifi- 
cance, especially in sections relating to fuel, but may be found con- 
ae venient in a general way. 

Table XII. is the result of duplicate analyses, with repetitions in 
cases where the duplicate results appeared to be too discrepant. 
The anthracites were remarkably uniform, as, indeed, were the 
bituminous samples. The marked character of each kind of coal 
will be noticed. 

In Table XIII. the hygrometric observations were reduced by 
Guyot’s tables, each by itself, and a mean was taken of the results. 

Tables XIV. and XV. are the result of continuous duplicate 
analyses of the flue gases, through each forenoon, each afternoon 
(except Saturday p.m.), and each night. Bottled samples were also 
taken simultaneously, for verification of results in cases of too great 
discrepancy between the two simultaneous duplicates. 

Observe that, in the middle division of these tables, the sums of 
the figures in lines 1,2, make the quantities in line 8, and that 
these correspond to the first line in the upper division; the sums 
of the figures in lines 4,5, make the quantities in line 6, corre- 
sponding to line 2, upper division ; the sums of the figuves in lines 
7, 8, make the quantities in line 9, corresponding to the third line 
in the upper division; and that the sums of the figures in lines 2, 
5,9, 10, make the ree in line 11. Finally, the figures in 
wide-face type, lines 3, 6, 9, 12, make —. 

In the lower division, the figures in iines 1, 2, those in lines 4, 5, 
and those in lines 6, 7, added together, make in each case 100,00. 
The quantities, or ratios, in line 8, are simply 100 times the quo- 
tient of the numbers in line 7, divided by those in line 6. 

In line 10, the O combined with hydrogen in the coal, disappears 
in desiccating the gases, and does not appear in the dry gases. 

All necessary details concerning the manner of arriving at the 
several values inserted in these tables, will be found in the sequel. 
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= TRIALS OF A WARM-BLAST APPARATUS. 


Pyrometric MeasurEMENTS oF tempera- 
tures ascertained by the use of the water-platinum pyrometer, here- 
tofore described, are embodied in the following tables, and these 
tables, in turn, are graphically represented in the accompanying 
diagrams. Temperatures were taken at both boilers, but the 
greater number, probably, at Warm-Blast Boiler No. 1, since 
special provision was made in the setting of that boiler for con- 
venient use of the pyrometer. The high temperatures in Table 
XVI. were taken at Warm-Blast Boiler No. 2 (which was 
‘“‘ Pacific Boiler” remodeled to warm blast), more than two months 
after the close of the last weekly experiment, ending May 20, 


1882. My assistants went to Lawrence on a morning train, took 
matters just as they found them in the regular daily use of the 
boiler, and obtained the results in this table—partly melting the 
platinum balls in experiment 6—probably the result ef some slight 
impurity in the platinum, I have used, for the most part, the 
temperatures obtained by the first (and simplest) method of reduc- 
ing the pyrometric observations to degrees F., partly because that 
method gives a result a little too high, in most cases—not more 
than 1 per cent. too high—and we are sure that the heat-carrier can 
never be hotter than the flame or other source of heat to be meas- 


ured, and may be a little cooler. aor tee oe 


| 
| 


TABLE 


BLAST APPARATUS. 


XVI. 


9 


PYROMETRIC OBSERVATIONS OF TEMPERATURES AT WARM-BLAST BOILER NO, 2, 
JULY 28, 1882. OBSERVATIONS NOs. 1, 2,3 AND 4, AT BRIDGE WALL. NOs. 5 
a AND 6 IN THE HEART OF THE FIRE. 


Temperature 
of water in 
pyrometer, 
2.1053 Ibs. 


Number of 
British thermal 
units in 
water above 
0° F. 


HEAT-CARRIER. 


Kind of 
Metal. 


Ratio of 
water to heat 
carrier. 


| 
Observed loss of | True loss of 


temperature by 
heat-carrier 


at assumed ratio 


of sp. ht. for 
Pt, 30 to 1, 

for Fe, 6 to 1. 

See Table VI. 


temperature 
and true 

tem perature 
of heat- 

carrier when 


taken from 


the fire. 


| 
| 
| 


6 


1629.8 


1677.5 


96.71995 
81.22740 


15.48255 


99.3779 
84.4418 


15.9361 1626.2 


102. 
85. 


59753 


44580 


1496.8 
102.5 


15173 1599 .3 


265 


10906 


20732 


>. 90174 


110.41090 
81.57808 
28 83282 2656.3 

113.121 

81.037 


82.084 


Mean of 1 and 


Mean of 3 and 


2835.2 


113.0 


2948.2 


5.0 + 1626.2 
3 + 1586.1 
_ 1605.6 + 1592.7 
‘i 2 
2656.3 + 2948.2 


9 
~ 


= 1605.6. 


1599. 


= 1592.7. 


About one-sixth of the platinum was fused in observation 6, and cooled in 
drops, like shot ; and one drop adhered to the lip of the pyrometer, and did nct 


~ 


enter the water at all—a circumstance which raised the “ ratio” to 107.7. 


- Mean of 1, 2, 3, 4 = 1599.15. 


Mean of 5 and 6 = 


25. 


2802. 


752 TRIALS OF A WARM - 
re 
4 
1 2 3 
1 96.65 | Pt. | 105.265 1488..8 
99.8 Pt. | 105.265 1526.9 
15.9 
| 102.51 
86.16 | 108.0 
16.86 
110.80 
— 81.54 | 
28.76 | 
| 
18. | 
81. 
32. — | 


TRIALS OF A WARM-BLAST APPARATUS 


' TABLE XVII. 
TEMPERATURES DEDUCED FROM 
THE SECOND AND THIRD METHODS, AS DESCRIBED ON p. 720. THE THIRD 


METHOD IS A LITTLE THE MOST ACCURATE, 


SECOND METHOD, | THIRD METHOD. 


| 
|Final temp.) Observed | True tem- 
minus 32° loss, plus | peratures by 
minus 32° F.| Fahr F., reduced final t. above third 
indeg. F. | deg. | t0.pytom- | 32° in py- method, 
5° eter deg. rometer deg. Fahr. 


wo. or Observed True tem- 
OBS. loss, plus peratures by 
final tem- second 
perature of method, 
heat-carrier.| deg. Fahr. | 


| 
1629.80 96.65 
96.65 


969 = 62.65 1692. 
1677.50 1677. 
99.30 | 2. 65. 


1776.! -969 = 65.21 1742.7 


68. 


102.51 | 82. 


1908. ‘ 70.51 x .969 = 68.32 1873. 


1779.60 | 103.02 1779. 
103.02 | 82. 68. 


1882.62 as GB, 1847. 


3135.10 | 110.30 
110.30 | | 32. 


3145.40 78.30 


3455.40 | 113.0 
113.00 32.0 


8508.40 | 2911.8 | 81.0 x .969= 78.49 3583. 2920.1 


The *‘ true temperatures,” in columns 3 and 8, are found by the use of Table 
VI. (except Nos. 5 and 6, which go too high for Table VI., and are obtained from 
Table IV.), in the manner explained on p. 711. Observe that in Nos. 1, 2, 4 and 
6, the platinum heat-carrier was used ; and Nos. 3 and 4, the compound, Pt, Fe, 
heat-carrier. The three methods do not give results very discrepant. The first 
method gives temperatures a little too high ; the second a little too low; the 
third, usually a little nearer correct. The greatest differences occur with the Pt, 
Fe heat-carrier. 


1 6 | 7 | 8 
32.65 32.0 
9 1579.3 4 
32.0 
1611.3 
1530.10 
32.0 
| 
1562.1 
32.0 
| 1549.6 
75.87 32.0 
| 909 75.97 | 3110.97) 2631.1 
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TABLE XIX. 


TEMPERATURES AT BRIDGE WALL, ASCERTAINED BY THE USE OF THE WATER- 
PLATINUM PYROMETER. DEGREES FAHRENHEIT. 


| Tem 


perature, 


80 |A.M.; 1481 
31 1536 


\A.M.| 787 

| 808 
1097 
1153 
1095 
991 
735 
770 
985 
953 
1018 
1045 


o 


or or crc 


| 

3 


* Date not recorded. * Perhaps 100° too high, * Fires banked. 


| 
| 1 


This table is represented graphically, as a profile in Fig. 173, the temperatures 
being represented as ordinates at equal distances, but in the same order as in this 
table. The temperatures for July 14 are represented graphically in Fig. 174, 
with the ordinates properly spaced to represent the respective times at which 
they were taken. 


- 
TIME. Tem- TIME, | TIME. Tem- 
DATE | pera- JPATE pera- 
| | ture, | | ar | | | ture, « 
1881.) | m. | deg. F.1881.! 1881. m deg. F. 
July July July 4° 
10 30 | 1419 
a ; 11 | 40 1427 1279 
a 11 40 12 1363 1332 
9 | 50 45 1381 20 | 1262 
5 9 50 55 1251 20) 1056 
11 15 1249 30 |A.M.| 993 
11 30 1185 D0 | | 883 
a1 20 1339 P.M.| 915 
30 1266 | 1827 
11 il 40 1322 1258 
; 11 | 11 50 1377 1017 
412 11 55 1236 723 
12 | 1129 7 1222 T09 
i 12 | 1023 15 1186 894 
12 1105 25 1154 862 
1 | 45 \p.m.| 1342 14 20 A.M.) 1056 T41 
1 | 45 | 1345 9 | 30 1056 653 
1 | 45 1322 9 | 40 1026 | 18 | if A.M.| 1216 
as 1 | 45 | 1296 9 | 50 1205 | 1 1406 
4 1386 10 1259 | 1376 
> 4 13882 10 | 10 | 1172 1 1296 
_——ae 4 1324 10 | 20 1208 1 1474 
Al . 4 1305 11 | 20 | 1472 A.M.| *526 
55 894 11 | 35 | 1239 | | 535 
4 | 55 974 11 | 45 1320 1260 
oa 5 | 55 1024 11 | 55 1329 | 1381 
45 1050 1 5 1418 1305 
* 8 30 Am. 1431 15 | 1259 | 1222 
* 8 | 30 1310 | 25 | 1488 A.M. *653 
* 8 30 1303 15 1447 *674 
a7 * | 8! 80 1366 55 *1611 A.M.| *537 
10 30 1409 5 1404 *556 
J 10 30 1479 1289 A.M.) *537 
| 11 1318 *556 
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PACIFIC BOILER: JULY 14, 1881, 


| 


21.4 Ibs. of air 


08°01 


GRAPHICAL REPRESENTATION OF PART OF TABLE XIX, 


<a 
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= 
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In heart of fire: 


SCALES 


2961.2-absolute in degrees 


3.2° abs, 
47.9 abs, 


6 


Fig.174, j 
2500 F. 
2426°F, 
= 
' 
H 
' 
| 
' 
2000 F, 
‘ 
i 
' ‘ 
i 
4 ' 
' ' 
1500°F, 
4 4 Bett 
f H 
= 
| 
O° absolute : H Zero absolute — 461.2 F, 


TUS. 
TABLE XX. 


PYROMETRIC MEASUREMENTS OF TEMPERATURE IN ARCH OVER WARM-BLAST 
BOILER NO. 1; FEBRUARY 13, 1882. 


OF WATER. TEMPERATURES, 


| TEMPERATURE iNcREASE OF HEAT.| HEAT-CARRIER, RESULTING 
TIME. | 


After Ratio as- 
cooling In British | |. | sumed of | Lost by Tempera- 
of In de- thermal Kind of | water | beatcar- | tures sought 
heat- gteesF. units, | metal. | toheat- | Tier in | in degrees 
carrier, carrier, | C0Oling. Fahr. 


‘ 


$22 a.m.| 71. .4098 | Pt. | 100 630. 707. 
745 ve &3.8 a 6.2114 Pt. | 100 611. 695. 
O p.m.) 77.22) 88. 9 . 9609 Pt. 100 588.4 671. 
734 f | 5. .0100 Pt. 100 498.8 | 586. 
8: 8 86.9 93. ; 6.71384 Pt. | 100 658.4 | 752. 
733 2. 99. i! -8180 Pt. | 100 668. | 767. 
4: 27 80. 8.4164 Pt. 100 811. | 908. 


At im- 
> mersion 
Pest of heat- 
Day carrier. 


nh. 


The highest observed temperature of superheated steam in the 

boiler, was 344° F., and the highest temperature of the iron must 

344° + 903 
= 624°, or perhaps a 

little higher. 

TABLE XXI. 


have been about midway, say, 


COMPARISON OF TEMPERATURES FOUND WITH PACIFIC AND WARM-BLAST BOILERS. 


TEMPERATURES! 

DEGREES FAHR. 

LOCATION OF TEMPERATURES. | 

Warm- 
Blast 
Boiler. 


In heart of fire 2796 
At bridge wall .. } 1599 
At pier 895 
In smoke-box ‘ 377 
334 
300 
Gases escaping to chimney 164 
External air 34 
Gases cooled, Warm-Blast Boiler 
Air warmed, Warm-Blast Boiler 


Before any just or useful comparison can be instituted between 
the several figures in Table XXI. it will be necessary, or at least 
convenient, to reduce them all to a common basis—1° temperature 


= 74 
} 
) 
| 
370° 
| | 258° 
9° 
204° 
44° 
213° = 
300° 
| 


+ 82° = 2493° 
2461° + 832° = 2798° 


2793° — 2493° = 300° 
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of external air. This will affect many of the other figures. For 


simplicity and convenience, we will reduce this, in both cases, to 


0° C., = 82° F., which will reduce the temperature in the case of 

the Pacific Boiler, 78° — 32° = 46°, and in the case of the Warm- 
Blast Boiler, 34° — 32° = 2° F. A corresponding reduction would 
result in the temperature of the fire; but here another equalization 
is required. 

The temperature of the heart of the fire is affected chiefly by 
two causes, namely: /irst, the quantity of air passing through the 
fire per pound of coal burned ; and, second, the temperature of this 
air. For the latter, we merely subtract, as above mentioned, 46° 
from the temperature in the case of the Pacific Boiler, and 2426° 
— 46° = 2380° ; and in the case of the Warm-Blast Boiler, 2796° 
— 2° = 2794°. 

But these temperatures were found in different quantities of air: 
21.28 pounds of air per pound of coal, in the former case, and in 


the latter, 20.36 pounds. Taking this last quantity in both cases, 


and assuming the anthracite coal to be in such a state of ignition 
that the hydrogen it may have contained has all been consumed, 
and neglecting the moisture in the air, we have, 0.288 being the 
specific heat of air, and also the gases of combustion ; 0.82 the 
proportion of carbon in the coal, and 14,544 B. t. u. the full heat- 
ing power of 1 pound of carbon : 


14544 x 0.82  11926.08 _ 2461 -* 


20.86 x ~ 4.84568 ~ 
This will be the increment of heat, in degrees F., in passing 
through the fire in both cases; to be added in the one case to 32°, 
and in the other case to 332°, the difference, 300°, being due to 
heat derived, in the abstractor, from the outflowing gases, in the 
Warm-Blast Boiler. Then: 


There will be less difference at the bridge wall, as the tempera- 
ture tends to equalize itself with that of the boiler, and this tend- 
ency is the more rapid the greater the difference between the fire 
and hot gases on the one hand, and the boiler and its contents on 
the other. I arrive at the following mean temperatures, under 
equal conditions : 


= 
< 
- 
> 
a 
2. 
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AT THE BRIDGE WALL. 


7 e The temperature at the pier, we found 895° (Fig. 173), and the 
corresponding temperature for the warm blast is 1050°. We then 
have: 
FLUE GASES : 
At the pier, about to enter flues, 


F. 
F 


The temperature at the smoke-box will depend chiefly on that of — 
the steam and water in the boiler; and that, in turn, depends in 
great measure on the rapidity with which steam is drawn off. We 
will assume the temperature of the steam to be 300° F., which is 
not very far from the mean, corresponding to 67.2 pounds pressure 
per square inch, absolute, and to about 52.5 pounds steam-gauge 
pressure. (The mean, for the Pacific Boiler, was 47.50, and for 
the Warm-Blast Boiler, 53.77.) The corresponding temperature in 
smoke-box, we have found to be 877° for external air at 34° (Table 
XXI), and for 32° we may properly call it 375° F. We have — 
found the temperature in smoke-box, Pacitic Boiler, to be 368° with 
47.5 lbs. the square inch mean steam pressure, corresponding to a 
temperature of 285° in the boiler. Adding 5°, to bring it up to 
our assuined temperature, 300°, we have 368° + 5° = 373° F.; that 
of the Warm-Blast Boiler being, as we have seen, 375° F. The 
gases discharged from the Warm-Blast Boiler to the chimney, we 
have found to be at 164°, with external air at 34°, and we may call 
them, for air at 32°, 162° F. 

We may now reconstruct our table, on a basis of equal temper- 
ature of external air, and throw its numbers into the form of a 
diagram, fairly representing the comparative temperatures in the 
two boilers (Fig. 175). 


— 159 
4 
a8 Difference, 105( 89 
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4 In Fire. 


1367.2 C. 2. 3 In Fire. A 1371. Te. | 


Bridge Wall 1600 F. 


_ 10 


Bridge WalL 


“te 


260 C. 


Smoke-Box, Smoke-Box, | 335 190.6C. | 


300 


Absolute 


Fig. 175. 
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TABLE XXII. 

COMPARATIVE TEMPERATURES—PACIFIC AND WARM-BLAST BOILERS UNDER EQUAL 
CONDITIONS; 20.36 POUNDS OF GASES OF COMBUSTION—IN THE FIRE—PER 
POUND OF ANTHRACITE COAL, 82 PER CENT. CARBON, COMPLETELY BURNED 
To CO, : EXTERNAL AIR AT 32° FAHR., STEAM PRESSURE, 52.5 POUNDS PER 

SQUARE INCH ABOVE THE ATMOSPHERE—TEMPERATURE OF SIEAM, 300° F. 


TEMPERATURES: 
DEGREE* FAHR. 


LOCATION OF TEMPERATURES, 


: Warm- 
Pacific Differ- 
Boiler. ence. 

In smoke-box ........ | 873° | 875 3° 
Air admitted to furnace...... 32° | 332 300° 
Steam and water in 300° 8300 0 
Gases escaping to chimney ................+se000- 373° 162° 211 
(iases cooled, Warm-Blast Boiler ................ 
Air warmed, Warm-Blast Boiler ................ 300 


It will be observed that the air entering the furnace is warmed 
300°, while the gases are cooled only 213°. This difference, or 
something like it, was constantly observed, and may be explained 
by two causes: /7rst, the weight of the gases was about one-twen- 
tieth greater than that of the incoming air, by reason of the carbon 
carried off as CO,, and (the specific heat of the gases and of air 
being sensibly alike—0.238), this circumstance alone would bring 
the cooling of the gases down from 300° to 285°; second, the whole 
mass of brick and iron composing the abstractors was kept at a 
pretty high temperature by conduction from the boiler setting. 

This would tend, of course, to raise the mean between the out- 
going gases and the incoming air; that is, to aid the warming of 
the air, and to retard the cooling of the gases. The mean tem- 
perature of the air in abstractor was (32° at entering, 332° at leav- 


32° + 332 


ing), — 9 = 187°. The mean temperature of the gases in 
— . . + 162° 
abstractor was (375° at entering, 162° at leaving), a ine 


= 268.5° ; and 268.5°— 187.0° = 81.5°. 
When the air enters at 32°, the gases are leaving at 162°; and 
162° — 32° = 130°. 


When the air leaves, to enter the furnace, at 332°, the gases are 


entering from the smoke-box, at 375°, and 375° — 382° = 43°. 


30° ° 
The mean Yt $ = 86.5°, is about the difference to be ex- 


4 

« 
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Mer.’ 
pected between two fluids on opposite sides of iron plates, the one 
imparting heat to the other, at the rate of conduc ong necessary in 
steam boilers. It may, perhaps, be reduced to 75°, but it is prob- 
able that the enhanced cost of the apparatus cee be out of pro- 
portion to the gain. 

Table XXII. is graphically represented in Figs. 175 and 176. 
The former sufticiently explains itself, as the several temperatures 

1 Table XXII. are merely located at their proper respective posi- 
tions, according to the scale chosen. 


The base line is the absolute zero of temperatures, 461.2° F. be- 
low zero Fahrenheit, equal to 274° C. below zero centigrade. The 
spaces shaded by heavy vertical lines, represent the respective 
quantities of heat carried off by the chimney. 

Fig. 176 represents the same temperatures as they stand related 
to the surfaces of the shell and flues of the boiler, and to the flues of 
the abstractors, by means of which heat is withdrawn from the gas- 
eous products of combustion, and imparted to the water in the boiler. 

The diminishing rate of absorption with reduction of tempera- 
ture, as the gases approach the temperature of the absorbing sur- 
faces, is clearly shown. 

_ The gases are, in fact, cooled by the air in the abstractor 138 

F. below the temperature of the steam in the boiler, but a very 
_ large area is required to do this. 

Incidentally, Fig. 176 shows the relative volume of the gases of 


combustion at successive points. Calling the volume at the : 


perature of external air (32° F.), equal to 1, it is 6 to 6.6 in the 
heart of the fire, 3.65 to 4.18 at the bridge wall, 2.75 to 3.06 at the 
pier, on entering the boiler-flues; 1.69 at the smoke-box, and 1.26 
at the blower, where it is discharged to the chimney. 

These two diagrams, Fig. 175 and Fig. 176, are a complete sum- 
mary of the experiments recorded in these pages, so far as they relate 
to the two modes of boiler setting, with cold blast and warm blast, 
applied to boilers otherwise exactly alike, under equal conditions. 

ANALYSIS OF Coats.—The manner of obtaining and preserving 
samples of coal has been already described. A suitable portion of | 
each sample to be analyzed, s separated from the rest with the pre- 
cautions usual in assaying to insure a fair representation of the 
whole sample in the part selected, was put into a platinum “ boat,” 

_ weighed, inserted in a glass tube about § inch caliber and 24 inches 
long, and kept at a gentle heat—a little above 100° C—in the fur- 
nace seen in Fig. 172, with a stream of air passing through the 
tube, to desiccate the coal, until after repeated trials, it came to 
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constant weight, when it was supposed to be dry. The tube was 
then connected with a can containing compressed oxygen, the heat 
was increased, by means of the fifteen Bunsen burners of the fur- 
nace, to a moderate red heat, and a stream of oxygen was passed 
through the tube, until after repeated trials, the boat and its con- 
tained coal again came to constant weight—the carbon (and any 
other combustible substances which may have been present), hav- 
ing been oxidized, leaving in the boat ash only. 

The use of oxygen instead of atmospheric air facilitates the oxi- 
dation, greatly shortens the process, and not only saves the time of 
the assistant, but, most important of all, lessens in a still greater 
degree the danger of losing an analysis throngh the premature 
breaking of a tube—a circumstance happening with vexatious fre- 
quency when air is used. All analyses were made in dnplicate, 
and in case of suspicious difference, or of accident to one boat, 
they were repeated until satisfactory agreement was reached. 

Passing, after leaving the tube, through a calcium chloride tube 
and aset of Geissler bulbs, the oxygen leaves its water, derived 
from oxidation of the hydrogen, in the former, and its CO,, de- 
rived from the oxidation of the carbon, in the latter. The four 
chief ingredients of the co ‘arbon, water, ash, and hydrogen, 
being thus determined directly, by weight, the remaining possible 
ingredients—oxygen, sulphur, and nitrogen are, in the anthracites 
left undistinguished, as a residuum, small in amount, only about 
2.8 per cent. in the aggregate. In the bituminous coals, the deter- 
mination of the sulphur, ] ess than 1 4, and of the oxygen, 4.5 to 5¢ 
(in one ease), leaves the nitrogen as a residuum, 2 4. 

The continuous reservation of samples—at every firing—the 
systematic preservation of these samples, their uniform treatment, 
and the great number of duplicate analyses, give reason for consid- 

erable confidence in the final mean results. 

Calorimetric observations to determine the quantity of entrained — 
water in the steam.—The full notes of all experiments with the 
calorimeter, made during the entire week, July 11-16, 1881, are 
 subjoined, together with the calculations of results. These experi- | 
ments were made at various stages of the fire, and under varying 
conditions of demand for steam, and of rising and falling, and 
stationary pressure, and are supposed to represent fairly the usual 
operation of the Pacific Boiler in this respect. In a few instances, 
noticeably in the three observations on July 14, there is a slight ir- 
regularity in the first reading of the thermometer, “ after admitting 
steam,” column 7, due, perhaps, to imperfect mixing; but subse- 
quent readings are clear. 
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Calculation of the quantity of entrained water in steam, from 
data obtained by calorimetric observations, Monday, July 11, 1881, 
11h. 48m. a.m. given in detail in Table XXIII. (1), p. 765. 


Barometer, corrected reading.............. rere in. 29.7 

Corresponding atmospheric pressure..... ....... lbs. _per sq. in. 14.63 
Boiler pressure by steam gauge ................ 39.90 


Number of British thermal units above 0 F. con- 
tained in 1 |b. of saturated steam of 54.53 1bs. per 


Number of B. t. u. contained in 1 lb. of water of 


Number of B. t. u. given up by 1 1b. of saturated 
steam of 54.53 Ibs. per sq. in. absolute me 


condensed and cooled to 86.575° B. t. u. 1114. 6523 
Number of B. t. u. which would be given up by| 

5.6094 Ibs. of saturated steam of 54.53 lbs. per 

sq. in. absolute pressure, by condensation at 

86.575° ; 1114.6523 x 5.6004 = B. t. u. 6252. 5306 
Gross weight of calorimeter and water therein con- 

tained, before admitting steam, col. 2.......... — Ibs. 515.625 
Weight of calorimeter, ‘Ibs. 317.625 
Net weight of waterin calorimeter.............. | Tbs, 198. 
Heat capacity of calorimeter, in equivalent weight _ 

Calorific value in B. t. u. of calorimeter and contents| lbs. 215.2 
Number of B. t. u. contained in water at 86.575 

Number of B. t. u. contained in water at 57.95 

(col. 4, p. 707. B. tm. 57.9570 
Number of B. t.u actually gained by each 1 lb. of 

water raised from 57.95° F to 86.575° F....... B. t. u. 28.6662 


Number of B. t. u. gained by 215.2 Ibs. of water,| 
including the smnleaiaan for the calorimeter, in 
rising from 57.95 to 86.575; 215.2 x 28.6662... 6168 . 9662 

Excess of the number of B. t. u. which would 
have been given up by saturated steam, over 
the number actually gained by the water, * 

6252.5806 — B. t. u. 

Ratio a this excess to the number which would 
have been given up by 5.6094 lbs. of saturated) 
steam of 54.53 lbs. per sq. in. absolute pressure, | 
condensed at 86.575 F., = 83.5644 + 6252.5306 =| Ratio. 


83.5644 


-015365 


It therefore appears that the 5.6094 lbs. of actual “steam” ad- 
mitted to the calorimeter was not saturated steam, but a mixture 
of saturated steam and water of equal temperature, in such propor- 
tions as to require 1.3365 per cent. of the quantity of heat which 
5.6094 lbs. of saturated steam of 54.53 Ibs. per square inch press- 
ure absolute would have given in condensing at 86.575° F., to 


complete the evaporation of the entrained water. 
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The number of B. t. u. above 0 F. contained in 
water of temperature 286.3457" F. i 

From this number subtract the number of B. t, u. 
above 0 F. contained in water of temperature. 


The temperature of the steam and water alike is... Deg. F. 286.3457 
2. 288 5885 
86.6232 


And we have the number of B. t. u. imparted per 
pound of water, between 286.3457 and 86.575 F. 201.965 


Each pound of saturated steam of 54.53 Ibs. per square inch 
pressure absolute, and therefore of 286.3457° F. temperature, con- 
tains, as we have seen, 1201.2755 B, t. u., and in condensing and 
cooling to 86.575° F., must give out, 1201.2755 — 86.6232 = 
1114.6523 DB. t. u., and 1114.6523 ~ 201.9653 = 5.5190, the ratio 
of the heating power of unit weight of steam to that of unit 
weight of water of this temperature. These two fluids, then, steam 
and water, are in this instance, mixed in such proportions that 
5.6094 ponnds of the mixture give out, in cooling from 286.3457‘ 
to 86.575° F., 6168.9662 B.t.u. A few trials enable us to deter- 
mine that 98.865 per cent. of the 5.6094 pounds of the mixture, 
amounting to 5.5177 pounds, are steam, giving out : 


5.5177 «x 1114.6523 = 6150.3170 
‘Ab d that 100 — 98.365 — 1.635 per cent. amounting 
to 0.0917 pounds, are water, giving out 0.0917 
201.9653 = » t. 18.5202 
Making a totalof.... -| 6168 .8372 
Which is substantially equal to the heat in B. t. u. 
gained by the water; 
= 215.2 x 28.6662 = 6168 . 9662 


Calculations similar to the foregoing applied to the data obtained 
by calorimetric observations at other times during the week, July 
11-16, as given in Table XXIII. (1) to (14), give results which, 


with the one above given in detail, are tabulated below. 


‘ 2. 
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TABLE XXIV. 


REDUCTION OF CALORIMETRIC OBSERVATIONS. 


Day in July, 1881, when PRESSURES ! ATMOS. AND STEAM. TEMPERATURES. 
experiments were made, and 
hour and minute of 

beginning of experiment. Barometer. | Steam gauge. 


—| ——| Of steam Of water 
| admitted to condensed 
| Boiler | Boiler | calorimeter! in calori- 


| 
| Inches | 
of mer- | Prese- 


press. | press. and en- meter and 

Day of Part of cary, | at | trained entrained 

atinos.,| lute, water, water, 
lbs. per Ibs. per, Degrees F. Degrees F. 
sq. in. | sq. In, | 


cor- 
rected (Ibs. pe 
to 32° | sq. in. 


month. day. 


6 | 7 | 


8 


3456 
.1485 

53.9520 71. 

. 7748 
.9286 
.5596 
.1972 
-4098 
3.8312 
319.6835 
266 . 2530 
| 278.0217 


296.4087 


nal 781 
6 
(1) 
AM. 11:48) 29.79 | 14.63) 39.9 | 54 575 
2 11 | P.M. 2:20 29.80 14.64) 75.5 90 oS) 
12 | am. 9:5 29.69 14.58) 54.2 68 4 
| | 
4 | 12 | P.M. 3:15) 29.63 | 14.55) 75.5 | 90 625 
5 | 138 AM. 9:35) 29.52 | 14.50 17.5 | 32 
6 13 PM. | 3:5 (20.45 14.46) 41.3 55 4 
| 
7 13 | P.M. | 5:15 29.42/ 14.45) 50.7 | 65 575 
8 | 14 cM. | 9:30 29.45 14.46) 49.1 | 63 6 
. 
14 P.M. 3:45 29.48 14.48) 36.6 51 075 
pM. 5:80 29.51) 14.49 65.0 79 2 
e 
15 AM. 9:10 29.66 14.57 67.8 & 250 
48 1:40 29.63 14.55 75.0 89 3 
15 | pM. | 5:55) 99.59) 14.53) 24.9 39 
14 | 16 A.M, 11:5 29.30 14.39 33.4 47 6 - 
1 ~~ 
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TABLE XXIV.—REDUCTION OF CALORIMETRIC OBSERVATIONS.—Continued. 


BRITISH THERMAL UNITS. 
____| Weight of Total B. t. u. which 
l ' water con- would have been 
Contained in densed in imparted to the 1 2 


Contained in one | one pound of Which would have) steam-drum | water if the steam 
pound of saturated water condens- been imparted tothe of calorimeter had been saturated, 
steam of givenabso-| edinsteam- water if the steam during experi- dry steam. 
lute pressure. drum of calori- had been saturated.| ment. 

meter. 


| 


B. t. u. per Ib. B.t.u. perlb. Bt. u. per Ib. Pounds ay. Total B. t. u. 


11 12 14 


.5324 
.OoT70 | 
2755 86.6232 .6523 | 5.6094 252.5306 
.1182 
5858 | 98.6257 . 9601 T7938 9771.0106 

9092 94.4638 4454 9.7168 10799 . 6927 
2.5134 

.2190 
5637 102.7129 -8508 2.7324 14118.3319 
.76380 
0807 
3882 .0210 5426 . 72% 
>. 7833 

.1151 
7115 7693 .: 


| | 
8084 6252 7981. 
| 7.6453 
.1359 
3102 .6813 . 628 7. 7812 8766 .5248 
| .6207 
.0511 
0106 . 13862 .6718 10705.4195 
7425 
| .O270 
9076 56.2474 22. 7695 10967 .8288 
9.3648 
.1312 
6584 .4960 10646. 7395 
.7192 
1211.4434 8586 . 584! . 7617 10929 .0509 
2.4828 
.1461 
1195 1463 104.0920 0543 12.6289 :18778.8156 


7.9065 


1198. 82.6102 "9200 |  8839.4882 


Mean by weighing 8.76! 762.6719 
Mean by difference 


Mean apparent error 


8.76810 


782 
No. 
1 | 15 
1201 
a 2 1211 
1205 
4 1211 
5 | 1191 
6 1201 
9 
10 | 
13 
4 
8.66185 
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TABLE XXIV.—Continued. 


REDUCTION OF CALORIMETRIC OBSERVATIONS, (3) 


_ [of calorimeter.) “steam.” | ting steam. column 10. aud 20. 
No. | Deg. F. | B.t. a. | B.t.u. | ‘Total B. t. u. B. 
~ | 17 | 18 19 | 20 21 

215.2 | 57.95 57.9570 28.6662  6168.9662 88.5644 
216.6375 | 54.1 54.1051 44.5206 9644.8315 126.1791 
216.6375 44.8875 44.8895 49.5743 10739.6524 60.0403 
216.1375 | 88.45 38.4505 64.2624 | 18889.5145 228.8174 
218.3875 | 46.575 46.5770 | 24.4440 5338.2641 88.4585 
217.075 | 51.575 51.5700 34.8688 7569.1448 124 3903 
217.825 | 51.35 51.3540 | 36.2712 7900.7741 80.9413 
217.2 38 38.0000 39.6813 8618.7784 | 147.7464 
215.1375 | 43.625 | 43.6266 | 49.5096  10651.3716 | 54.0479 
215.45 35.475 35.4750 | 50.7724 | 10638.8709 28.9579 
216.95 40.05 40.0510 48.4259  10505.9990 140.7405 
218.075 | 41.95 | 41.9510 49.9076 10888.5999 | 45.4510 
218.2625 | 41.65 41.6510 62.4410 | 13628.5288 150.2868 
217.825 | 42.125 42.1260 40.5142 | 8825.0056 | 14.4826 


f | | 
| Temperature; B.t.u.con- (|B. t. u. impartec 
|W of of in | tainedin one |to one of 
calorimeter ‘pound of water} water raised 
1 equivalent, Just before | in calorimeter | from initial to 
(mar equivalent) “admitting | before admit- | final tempera- 


, Total heat gained Deficit of heat 
by the water in | due to water 
column 16 in entrained in 

being raised from) the steam. 

tin column 17 to Difference of 
temperature in columns 15 


216.9143 | 44.84 Means Means 964.5216 | 98.1508 


783 
a 
5 
| | | | 
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TABLE XXIV.—Continued. 


REDUCTION OF CALORIMETRIC OBSERVATIONS. 


BRITISH THERMAL RATIO! PER CENT. 
UNITS. 
Day in July, 1881, when experiments 
were made, and hour and minute of begin- 
ning of experiments. Gained by | 
the water in 
column 16, 


Which 
would have 
| been im- 


Ratio of 
entrained 


Heat re- 
quired to 


in being 


raised from 


initial to 


| parte to 


the water if 


the steam 


Day of 
week. 


Part of 
day. 


final tem- | 
perature, 


| Day of 


month. H. M. | 


Monday 


Tuesday | 


Wed'’day 


| Thursd’y 


| Saturday A.M. 
Means..... 
Mean ratios, 


had been 
saturated : 
| dry. 


B. t. u. 


evaporate 


the en- 
trained 
water, 


Per cent. 


water to 
total water 
and 
steam. 


Per cent 


9644 . 

10739. 
5 18889.! 

5338 .2 


7569. 


5:15 


9:30 


3:45 10651.: 


5:30 10988. 


9:10 10506 


1: 40 10883 


5:55 13628. 


11:5 


per cent 


7900.77 


8618.7 


8825. 


6252.5: 
9771. 

10799. 
14118.3: 
5426. 7: 
7693. 
7981 . 7: 
8766.5: 
10705. 4: 


10967 .8: 


.00 | 10646 
60 | 10929. 


53 | 18778 
| 


8839.49 


4 
——— 
| B. teu 
1 2 23 | | & 2 | Qu 
1 | A.M. ‘1 | 11:48 1.24 1.37 
2 | P.M. 11 | 2:2 1.29 1.35 
8 | 12 | .58 
4 .M. 12 1.62 1.72 
s ax. | 18 | 1.68 | 1.67 
6 P.M. 13 1.62 167 
7 pM. | 18 | 1.01 | 1.05 
9 “ | .50 53 
10 « pM. | 14 | | 26 28 
“a 11 | Friday AM. 1.82 | 1.38 
| 
4 
‘ = 
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A few words as to the possible limits of error in these observa- 
tions and results may be of interest. 


Mean weight of water, eee Ibs. for ealo-, 


rimeter, col. 16........ Ibs. 216.9143 
Gross weight, after admitt ng steam........ Ibs. 526.0759 
ov Gross weight, before admitting steam........... lbs. 517.3893 
—_ Mean weiglit of steam, by difference ............ lbs. 8.7366 
Mean by separate weighing, col. 14.............. Ibs. 8.7681 
Greatest possible error in separate weighing, say 
Greatest probable error in weight of water in calo- 
Greatest probable error in pressure by steam gauge 
Greatest probable error in temperatures ; ther- 
mometers graduated to tenths of a degree F .. -| Deg. F. 0.1000 


In the following table, Table XXY., all the assumed errors are 
added to the mean in the left-hand column, headed “ maximum” 
and subtracted in the right-hand column, Sanibel “ minimum,” ex- 
cept in the third line, ¢,, temperature of water, final. The differ- 
ence, or assumed error is here subtracted in the left-hand column, 
and added in the right-hand column, since this tends to magnify 
the error in the final result. It will be noticed that the mean deficit 
of heat, per cent.,in this table—last line but one of middle column, 
is 1.16¢, while in Table XXIV., it is 1.04¢—of course because the 
mean of the separate calculations ought not to agree with the re- 
sult of a calculation based on means of the observations. The wide 
variation from the mean—almost 40 per cent. each way—may 
occur in single observations, but are not probable, since errors are 
not unlikely to balance each other in some degree. In our case, 
with so many as fourteen observations, the mean result seems 
entitled to some degree of confidence. 

If the assumed errors in the third line are transposed, and the 
maximum be put into the left-hand column, as in all the other 
eases, the variation in the final result almost disappears—the three 
numbers in the line next to the bottom—deficit of heat, per cent., 
become respectively 1.15, 1.16, 1.17. There is no constant ratio be- 
tween the figures in column 28, Table X XIV., and those in column 
29, the latter being affected by variations of final water tempera- 
ture (column 10) and steam pressure and temperature (columns 8 
and 9). 
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TABLE XXV, 


LIMITS OF ERROR IN CALORIMETRIC WORK. 


The numbers in this column, right-hand, 
refer to the headings of columns in 
Table XXIV. } KIND OF 


QUANTITY. 


P, pressure absolute..... . Lbs.persq.in. 65.08 14.98 88 


t, temp of steam Degrees F. | 297.8587 297.7565 | 297.6540 
t,, of water, final Degrees F. -2482, 89.848: | 0.4482 
In 1 lb, of steam B. t. u. . 7868 1204. 75: 
In 1 lb. of water ‘ ‘Gs .8017) 89. 
Difference | .4851 1115.3540 (1115.222% 
8.66185, 

10685, 
w, weight of steam 8. 7691 8.7681 
Total heat 5 | 9781.80049779.5354 


W, weight of water Lbs. 216.9443 216.9143 | 


t, of water, initial 7 | Degrees F. | 44.94 44.84 
In water B.t.u. | 44.9419) 44.8417 
89.3017—44.9419, etc | 44.8598 44.5601 
Total heat B. t. 9623.6058 9665.7229 9707.87 
tm. 153.1946, 113. 
| Per cent. | 1.617 ce 


Per cent. | 1.088 | 2. 


Continuous analysis of jlue gases.—It would be out of place 
here to attempt a full description of the process of analysis pursued 
with the gaseous products of combustion, drawn from the descend- 
ing smoke-flue near the blower. Such a description would seem to 
a chemist impertinent, and to others than chemists, pedantic. In 
_ brief, it was the gravimetric process, and was conducted as follows: 
Samples of considerable volume were obtained through the 

; -mixing-box shown in Fig. 177, two of which were set in the flue, 
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one over the other, one foot apart, with the pipes disposed differ- 
ently, so as to bring long pipes over short ones, next to the longest 
over next to the shortest, and only the ends of the central pipe of 
each group of five over the ends of the corresponding pipes below 
them; by which arrangement samples from the two boxes proved, 


Fie. U7. 


-MIXING-BOX, FOR OBTAINING SAMPLES OF FLUE 
GASES FOR ANALYSIS. 


A, Section of flue. 
B, Section of mixing-box, showing the arrangement of. 
the 25 pipes of 4 inch gas-pipe. : 

B, Front elevation of mixing-box. 
We C, C, Pipes, four in number, from mixing-box to mixing | - 


chamber. 
D, Mixing chamber. 
E, Discharge-pipe leeding to aspirator. f 


by their agreement, that they truly represented the heterogeneous 
assemblage of unmixed gases passing through the flue. The greater 
part of the samples so drawn off by the aspirator was permitted to _ 
go to waste; but a small stream was drawn out into a jar filled — 
with water, out of which water flowed in drops in regulated quan- 
tity, to be constantly replaced by the sample of gases. The small 


stream of gases so drawn off was divided, part going to each one — 


- 
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of two exactly similar sets of Geissler bulbs, first, however, 
passing through a bulbous tube, Fig. 176, which will arrest any 
liquid water condensed from vapor in the gases, and then through 
the U tube, also seen in the figure, which is filled with calcium 
chloride, and will (if kept at a low temperature, by surrounding it 
with crushed ice) take up all moisture, and leave the fixed gases 
completely dry. The dry gases next pass on to and through the 
group of three Geissler bulbs, each one filled about three-fourths 
full of hydrate of potash, ¢@. ¢@, a saturated solution of caustic 
potash. At each drop of water, a small bubble of the mixed gases 
passes down through a central tube nearly to the bottom of the first 
bulb, and rises as a bubble through the hydrate of potash, to the 
space above the surface of the liquid, dismissing, simultaneously, a 
similar bubble at the bottom of the second bulb, which in turn, and 
simultaneously, dismisses a third bubble into the last bulb, and 
liberates a similar bubble to pass to and slowly through the second 
straight, horizontal, bulbous tube, seen at the left-hand of the Geiss- 
ler bulbs in Fig. 176. This bulbous tube is filled with dry caus- 
tic potash, which absorbs all moisture which may have been taken 
up by the dry gases in their passage through the hydrate of potash, 
so that the latter suffers no loss of weight—this bulbous tube and 
the set of Geissler bulbs being weighed together, as seen in Fig. 
172. The carbon dioxide (CO,) contained in the mixed gases is 
taken up by the hydrate of potash, rapidly by that in the first bulb, 
which soon presents a nacreous appearance, more slowly by the 
second, which gradually becomes opalescent, and still more slowly 
by the third, which is very slightly affected, as nearly all the CO, 
is absorbed in the first and second bulbs. 

Some water is taken up by the dry gases, and possibly a little 
CO, along with it; but the dry caustic potash arrests both. The 
gases, deprived of their moisture and of their carbon dioxide, pass 
on to the left, to and through a glass tube about 0.6 inch in diameter 
and 20 inches long, seen about the middle of Fig. 176, extending 
through a small gas furnace. 

This tube has two porous plugs of fibrous asbestos, about six 
inches apart, near the middle of its length, and the space between 
these plugs is tilled with copper scale (oxide of copper), which is 
kept at alow red heat by the gas furnace. The gases, which, it 
will be remembered, now consist solely of oxygen, nitrogen and car- 
bon monoxide (O, N,and CO), are changed, in passing through the 
hot copper scale, by the complete oxidation of the carbon in the 
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CO, and the conversion of the CO and additional oxygen into CO,. 
It is not easy—tor 2 layman—to see just what office the copper scale 
performs that would not be as well performed by sand, or bits of 
fire-brick, since there is always an abundant supply of oxygen present 
in the surplus air, But the copper oxide would supply oxygen if 
there were none other present, and may act in some unexplained 
manner to promote oxidation of the CO. It is also possible that 
the dissociation of copper and oxygen offers less resistance than the 
mere mechanical obstruction of the nitrogen and carbon dioxide, 
after the free oxygen in the flue gases has been reduced as low as 
10 per cent. Some experiments cited by Angus Smith in A7zr and 
Rain, make this seem probable. An analogy is found in the case 
of iron, which burns eagerly in pure oxygen, but is rendered incom- 
bustible in common air, containing 21 per cent. of oxygen, by the 
mechanical obstruction of the 79 per cent. of nitrogen. However 
this may be, the carbon which enters the tube as carbon monoxide 
(CO), leaves it as carbon dioxide (CO,). Passing on through a 
second set of potash bulbs, supplemented as before with a dry 
potash tube, this CO, is all absorbed, and the residuary gases, oxy- 
gen and nitrogen, are received in a bottle over water (or glycerine), 
and stored for measurement. 

This measurement is readily effected by weighing the liquid 
drawn off to make room for the gases. The weight and tempera- 
ture of this liquid (and its specific gravity, also, if other than water) 
being ascertained, its volume becomes known; the tension of the 
gases is made equal to that of the atmosphere, which is ascertained 
by the barometer; and their temperature being also noted, their 
weight becomes known. From the weight of these residuary 
gases, and that of the carbon dioxide and the carbon monoxide sep- 
arated from them, the weight of the original, dry, composite, or 
mixed gases is readily deducible. The absolute weight of the car- 
bon dioxide obtained, is found by directly weighing the potash 
bulbs and tube, as seen attached to the scale-beam in Fig. 172, before 
and after the experiment. The difference is the weight of the CO, 
taken up by the potash, of which .’; is carbon and ,4; oxygen. 

The weight of the carbon monoxide hesnnesisitalnel, indirectly, in a 
similar manner. The difference in weight before and after the ex- 
periment is again CO,, of which all the carbon, ,%;, and one-half 
the oxygen, ;*;, are derived from the gases in the form of CO, and 
the remaining ;, oxygen, derived from the free oxygen in the 
surplus air, or from the copper oxide. 
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Sulphur, in burning, forms chiefly sulphurous acid (SO,), and 
a small quantity of sulphuric acid (U,0 + SO, = H;S80O,), both 
of which are taken up by the water. A small quantity of CO, is 
also absorbed by the water, but this soon becomes saturated with 
CO ,, while it will continue to absorb sulphuric acid and sulphurous 
acid for some time. 


The quantity of IL,SOz is so small as to render its accurate de- 
termination difficult in the flue gases, diluted as these are with air. 
The considerable increase in the quantity of ammonia found in the — 
gases of the warm-blast boiler, makes it probable that ail the sul- 
phuric acid exists as a sulphate, mainly sulphate of ammonia. 

Carbonate of ammonia was also produced in the warm-blast boiler 
in considerable quantities, coating all the smoke passages as white 
as the bolt-trough of a flouring mill. 

It is chiefly for the determination of the quantity of carbon diox-— 
ide, of carbon monoxide and of surplus air, that analysis of the gas- 
eous products of combustion is desirable, and for those purposes it is 
invaluable. 

In addition to the continuous analysis, carried along all day and 
all night, in duplicate, for greater assurance of accuracy, samples of 
the gases drawn off at the same time were stored in bottles properly 
labeled, for subsequent repetition of the analysis in case verification 
appeared to be desirable. Such samples should be stored over gly- 
cerine, on account of the absorption of CO, by water; and on the 
same account the glycerine should be as nearly as possible anhy- 
drous. 

A very small steam or electric pump, with a plunger about 0.25 
inch diameter, and stroke 0.5, or 0.75 inches, driven at such speed 
as to give about one bubble of gas per second at each set of Geiss- 
ler bulbs, may be conveniently substituted for a siphon, to regulate 
the flow of the gases ; and a short bit of broken thermometer tube, 
of small caliber, inserted in the line of flexible tube, helps to give a 
more uniform flow. 

It is better to use Geissler bulbs of large size, and to deal with as 
large quantities of gas as can be conveniently managed ; and on this 
account the balance—-which cannot be too nice—should be of large 
size, adapted to weigh, without undue strain, 200 grammes, nearly 
3,100 grains, say 7 oz. avoirdupois. With these precautions, proper 
care, adequate skill and perfect integrity, duplicate and repeated — 
analyses will be found to agree very closely. Differences will ap- 
pear, under the high magnifying power of decimals of one per 
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cent., but these differences will usually be very smal]. Such quan- 
tities as 0.12, or 0.08 of one per cent. (.0012, or .OCOS8), appear small ; 
but when they are found repeating themselves under like conditions, 
the results appear to be entitled to much confidence. Subsequent 
experience, indeed, has led Mr. Prentiss to the opinion that neglect 
to surround the calcium chloride tube with crushed ice may have 
permitted a little vapor of water to pass with the imperfectly desic- 
cated gases into the potash bulbs, and so to increase very slightly the 
small quantity of CO. Reference has already been made to persistent 
attempts to produce carbon monoxide in quantities unusually large 


hay 
CARBON-MONOXIDE PRODUCED BY EXCESSIVELY RAPID FIRING. 
GRAPHICAL REPRESENTATION OF TABLE XXVI. 
EXPERIMENTS MADE SEPT. |. Iasi, 


B, Chal thrown on the brates: Coal Burned, dc ale, 40 J, Ibs.per 
F, Proportion of Carbon burned to CO: scale, 20,to 5 
H, Loss of heat by C O} per cent scale, 29 to Ta 


A 
E 
G ww 
LJ: Pounds of air per pound of coal: scale4,20 Ibs-per 


{ 
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Fig. 178. 


and to special analyses of the chimney gases during short periods, at 
regular intervals, under certain conditions of the fire, to determine 
the quantity of CO so produced. Such experiments were made dur- 
ing the entire working day, September 1, 1881. A succinct state- 
ment of the results of these experiments will be found in Table 
XXVL., and all the figures of this table, except those in columns 3 and 
4, are graphically represented on the diagram, Figure 178. Both table 
and diagram are so plain as to require little explanation. They 
will be readily understood by any one who will give them a few 
minutes careful attention. Beginning at the lower left-hand cor- 
ner of the diagram, it will be seen that a charge of 200 pounds of 
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TABLE XXVI. 


_ CARBON MONOXIDE PRODUCED BY EXCESSIVELY RAPID FIRING, = “ 


Pounds of Carbon | Carbon Ratio of Poundsof) p Ratio of 
: | Pounds of | loss by CO 
coal thrown dioxide in monoxide carbon in air per burned to full 
on the chimney in chimney CO to total pound of each half power of 
grate. gases, gases. carbon. coal. hour. coal. 


Lbs. I I Percentum. Lbs. Lbs. /Per centum 


2.99 


3.99 


4.61 
4.70 
4.81 


200 


200 


200 


~ 


21.653 


20.36 


Mean ratio of loss: , 8% 2.36 


coal—anthracite, egge size—was thrown on the fire-grates, upon a 
banked fire, started wp at 6:15 a.w., and a like charge every 30 
minutes thereafter until 11:15 a.m. 


_ After an interval of 1 hour and 30 minutes, at 12:45 p.w., 200 


a 
A.M. 
TIME. 
‘ 
1 6 7 8 
200 | | 
7:15 | 200 | 
| 5.12 | 2.54 | 43.80 38.2 83.81 | 27.84 
9315 200 | | 
980 5.55 | MB | 45.85 | 20.5 93.75 | 299.14 — 
200 
10: 7.79 44.68 21.4 129.24 | 28.37 
10:15 | 200 | | 
10:30 | 7.70 48.47 20.1 157.60 | 30.81 
10:45) 200 | | 
| 7.82 48.57 19.8 | 139.68 | 80.88 
| | | 
11:30 | 8.01 48.55 19.8 | 143.30 | 30.86 
| 19.3 143.30 4 
ip: 30 15.21 25 | 2.52 | 19.8 | 143.30 1.60 
a 18:45 | 
: | | 20.05 | 137.94 
14.11 21 2.28 20.8 | 132.96 1.49 . 
21.05 | 137.94 
13.62 88 8.67 21.3 | 129.8 | 2.31 
14.50 48 4.95 | 19.4 142.56 3.14 
9 13 18 .29 3.34 | 22. | 125.84 2.12 
14.96 88 8.84 | 19.3 | 148.30 2.44 
7 14.18 41 4.35 | 20.3 136.25 2.76 
| 13.01 41 4.72 125.34 3.00 
Mean of all but two first 
4 
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pounds was again thrown on the fire ; and again at 2:45, 3:45, and 4:45 
at intervals, respectively, of 2 hours, 1 hourand 1 hour, Thus, the 
firing was, for 5 hours 15 minutes, up to 11:15 a.m., at the uniform 
rate of 400 pounds per hour, equal to 16 pounds per square foot of 
fire-grate per hour; and after 11:15 a.M., it was at the mean rate of 
145.45 pounds per hour, equal to 5.82 pounds per square foot of 
fire-grate per hour—only 36 per cent. as much. 

Beginning at 9 a.m., samples of gas were obtained and analyzed 
half-hourly, except at the hours of 12 m., and 1 and 2 p.., when 
there was, in each case, an intervalofanhour. The half-hourly sam- 
a. ples were taken during the whole preceding half hour, and the hourly 
| samples during the whole preceding hour, so that the whole day from 
half-past eight is covered by the analyses of the gases. The ratio, 
per cent. of CO, and of CO to the total quantity of dry flue gases, 
is given in columns 3 and 4 of Table XX VLI., but these figures are 
not represented on the diagram, Fig. 178. 

In column 5 of the table, represented by line EF of the diagram, 
the proportion of coal burned to CO is given as a per centum of all 
the carbon in the coal. During 2 hours and 30 minutes, 9:00 to 
11:30 a.m., the mean is 46.64 per cent., showing that only 53.36 per 
cent. was completely burned to CO,. The number of pounds of 
atmospheric air found in the flue gases for each pound of coal con- 


sumed, given in column 6 of the table, and represented by line LJ 
of the diagram, was rather small, and nearly uniform; the mean 
for 8 hours being 21.65 pounds, and for 7 hours, after 10:00 a.m., 
only 20.36 pounds. The ratio of heat lost by CO to the full heat- 
ing power of the coal is given in column 8 of the table, and is 
represented by line GH of the diagram. 


This loss is obviously less than the whole quantity of CO pro- 
duced, because some heat is evolved in burning carbon to CO. 

While carbon burned to CO, produces, per pound, 14,544 Brit- 
ish thermal units, the same quantity burned to CO produces but 
4,451 of the same heat units. The loss (= 14544 — 4451 = 10093 
British thermal units) is about 69.39 per cent., and the numbers in 
column 8 would be 69.39 per cent. of those opposite in column 5, if 
carbon were the oniy combustible in the coal, as itis in coke. But 
there is, in fact, an appreciable quantity of hydrogen in this coal, 
probably united with carbon as some one or more of the hydrocar- 
bons, useful as fuel, and this hydrogen loses nothing in consequence 
of the formation of CO; and the effect of this circumstance is to 
reduce the ratio of the loss by CO to about 63.5 per cent. 
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The losses to be accounted for, to be guarded against, and to be re- 
duced to a minimum, in the combustion of coal in the furnaces of 


steam boilers (aside from external radiation from boiler and brick- 
work), are all embraced as classified under the five heads, 2, C 
Eand Ff, in the following list 


5 
A = Pounds off flue gases per pound of coal. rae Be 


A—a = Pounds of atmospheric air per pound of coal. 
£L = Heat carried off by tlue gases (exclusive of vapor contained 
in these gases). 
C’ = Heat lost by water in the coal. 
D = Heat lost by vapor in the air. 
E = Heat lost by CO in the flue gases. 
= Heat lost by hydrogen in the flue gases. 
Number of pounds of carbon in 100 pounds of coal. 
= Number of pounds of hydrogen in 100 pounds of coal, 
Number of pounds of water in 100 pounds of coal. 
= Number of pounds of ash in 100 pounds of coal. 
Number of pounds of CO, in 100 pounds of flue gases. 
= Number of pounds of CO in 100 pounds of flue gases. 
= Number of pounds of hydrogen in 100 pounds of flue- 
es. 
= Proportion of vapor in atmospheric air. 
ape = Number of British thermal units developed by 1 pound of 
coal perfectly burned ; ascertained by analysis. 
n = Temperature of external air; degrees F. 


_ p = Temperature of escaping gases; in smoke-box, with natural 
— draft, or in blower, with the warm-blast apparatus. 


To compute the number of pounds of dry flue gases, per pound 
— 
of coal consumed : 


a 
272738e + 428577 


That is:—Divide the number of pounds of carbon found by an- 
alysis in 100 pounds of coal (a), by the sum of 8; = .27273 of the 
—CO,, and $ = .42857 of the CO, found by analysis in the flue gases. 
~The quotient will be the number of pounds of dry flue gases per 
pound of coal consumed. 
EXAMPLE. 


We find, for instance, that during the week I, ending May 20, © 
1882, the mean number of pounds of COs, in 100 pounds of flue . 


. 
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gases (days), was 12.27; and of CO, 0.18 pounds; and that the 
number of pounds of carbon in 100 pounds of coal was 82,92, re 
hen, = = 3.342727 
11 
> 
an! 3 x 0.18 
and = = O77145 
27273e + .428577 3.419870 
82.92 24.9 
an —e —- = 24.2 = A. 
3.41987 
A — a= 24.2 — .8202 = 23.37 = the number of pounds of 


atmospheric air in flue gases per pound of coal consumed. 
To Jind the heat carried on by the flue Uses (exclusive of vapor 
contained in these gases), in terms of the full heating power of the 


coal, 
A x 238 x (p—n 
B G our ) . . . . . . . . . (2) 
k 
That is, multiply the number of pounds of flue gases per pound f 


of coal consumed, by .238, which is the mean specific heat of the 
mixed flue gases; and this product by the difference in tempera- 
ture in degrees Fahrenheit between the external air and the escap- 
ing gases—at the smoke-box, with natural draft, or, at the blower, 
with the warm-blast apparatus; and divide this second product by 
the number of British thermal units expressing the full heating = 


EXAMPLE. 


A = 24.2; p= 164°; n = 49°; p—n = 115°;k = 13139. 


24.2 x .238 x 115, 
Then: 73139 = 0604= B= 


To find the heat lost by water in the sia in terms oe the full heat- 
ing power of the coal. 4 


+ 9h ) 


That is, to the number of pounds of water in 100 pounds of coal, 
add 9 times the number of pounds of hydrogen in 100 pounds of 
coal, and multiply the sum by the number 1076 diminished by the 


: 
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number of degrees I’. expressing the temperature of the external 
air, and increased by 0.48 times the number of degrees F, e xpressing | = 
the temperature of the ese aping flue gases—at the smoke-box, with 
natural draft, or at the blower, with the warm-blast apparatus; and _ 
divide the product by 100 times the number of 
units expressing the full heating power of the coal. 

The quotient will be the loss by water in the coal, the qui entity 


sought. 


Let ¢ = 100; ax ; 0.48 = spe 
cific heat of 48 p = 79, 100/: = 13900. Then: 


british thermal 


C = 12:39 + ( x 1.80)] = 1859 x (1076 — 49 + 79 = 1106) 


To find the loss of heat by vapor in the air, in terms of the Full 
heating power of the coal expre ssed in British thermal units : 


That is, from the number of pounds of flue gases per pound of 
: ~ coal consumed, subtract one one-hundredth part of the number of 
pounds of carbon in 100 pounds of coal; and multiply this differ- 
ence by the proportion of vapor in the air as ascertained by the 
hygrometer, and by 0.48 times the difference between the number 
ot degrees F, expressing the temperature of the escaping flue gases 
(at smoke-box, or blower, as the case may be), and the number of 
degrees F. expressing the temperature of the external air; then 
divide the continued product by the number of British thermal units 
expressing the full heating power of the coal. The quotient will 
be the loss of heat by vapor in 1 the air, in terms of the full heating 


power of the coal. 
EXAMPLE. 
Let A = 24.2; 92 .°. = .8292; A = 1.804 ; p= 164 


n= 49°, p—n °F. and & = 18139. Then: 


94.2 ) 8 
pa x 116 _ 0018 = 0.18¢. 
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~ 
tm Jind the heat lost by carbon monowide in the flue gases,in | 
terms of the full heating power of the coal capressed in British 
thermal units. 


pe x 10la x 10la (5) 
(ye + af) x (27278e + 428577) x k 
That is, multiply three-sevenths ($ = .42857) of the number of — 
pounds of CO found by analysis in 100 pounds of flue gases, by 
101* times the number of pounds of carbon found by analysis in — 
100 pounds of coal; and divide this product by the continued = 
product of the number of British thermal units expressing the full | 
heating power of the coal, multiplied by three-elevenths of the 
CO, and by three-sevenths of the CO, in pounds found by analysis 
in 100 pounds of flue gases. The quotient will be the loss of heat— 
caused by the CO in the flue gases, in terms of the full heating — 
power of the coal expressed in British thermal units. 


EXAMPLE, 


Let f = 0.184; a = 82.924; e = 12.274, and k = 13139. Then 


(} x .18) x (82.92 x 101) 


= Ol44 = 14 
12.27) + x x 18139 


3 

‘ 
x 


To find the heat lost hy hydrogen in the fue JAses, in terms of the 4 
Full heating power of the coal, expressed in British thermal units. 


That is, multiply the number of pounds of flue gases per pound _ 

of coal consumed by the number of pounds of hydrogen found by | 
analysis in 100 pounds of flue gases, and by 620.32 ( = one one- 
hundredth part of the number of B. t. u. exoressing the full heating — 
power of one pound of hydrogen); and divide the product by the 
number of British thermal units expressing the full heating power r 
of one pound of the coal as determined by analysis, The quotient 
will be the loss by unburned hydrogen in the flue gases, in terms — 

_ of the full heating power of the coal, expressed in British thermal — 
units, 


O09E 
161, put for = 100.93 ; the sum 10093 being 14544 — 4451, see p. 795. 7 
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EXAMPLE. 
Jt A= 24.2; g = 0; & = 13139. Then, 
24.2 x 0 x 620.32 
13139 
No hydrogen has ever been detected in the flue gases, and it 
seeins little likely that any ever escapes from the furnace unburned. 
Some hydrocarbons, in natural gas, deposit a portion of their car- 
bon in a solid mass behind the bridge wall, especially if introduced 
into the furnace at too high a temperature; but it is probable that 
all the free hydrogen present, and all which is combined with ear- 
bon, that is, all that is not already burned to water, is so burned in 
any farnace fire. If, however, any hydrogen should ever be found 
in the flne gases, its quantity inserted in place of 0 in the above 
example, will bring out the resulting loss of heat. The sum of the 
losses B, C, D and £. is as follows: 


B, loss of heat carried off by the dry flue gases 
C, loss of heat by water in coal 

D, loss of heat by vapor in the air 

E, loss of heat by carbon monoxid» 


Total losses at the chimney, per cent 
Add to this the loss by radiation from boiler and ws ‘k. work ; 
quantity varying with the temperature of the external air sal 
with the conditions of each case, but in this case 


Total sum of losses, per cent 
Efficiency of boiler, per cent 


Various sinall savings can be made in ways already ee out, 
which, in the aggregate, may be brought up to the 2.21 per cent. re- 
quired in order to make the net efficiency 90 percent. There is still 
five per cent. of the heat carried off by the flue gases at the moderate 
temperature of 164° I'., only 115° F. above the temperature of the 
external air. 

Part of this may sometimes be saved by warming water after 
the gases leave the abstractor, and possibly a little may be saved 
by improvements in the abstractor itself. 

But according to present * hg inces 90 per cent. is about the 
maximuin efficiency attainable by the best possible boiler with 
warm-blast apparatus, and. that should be steadily aimed at and 
pretty nearly attained. 

Asurs anp Restpur.—All ashes and residue withdrawn from 
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the furnace and ash-pit during each weekly. experiment were kept 
together under cover, until the fire was drawn at the end of the 
week’s work, at midday on Saturday. The fire was allowed to 
burn pretty low on Saturday; still, as steam was kept up, there 
was some partially burned coal on the grates when the fire was 
drawn, and some water was used to quench this coal; but only 
enough to cool it by evaporation below the point of ignition, so 
that the ashes and residue, when cold, might be considered to be 
as dry as the hygrometric state of the air would permit. After 
division, as has been already said, into five grades, namely (a), 
unburned coal (a small quantity) ; (4), clinker, partly vitreous; (c), 
coarse residue, which would not pass through a screen with hexag- 
onal meshes five-eighths of an inch in short diameter; (¢@), finer 
residue, passing through said hexagonal meshes, but not passing 
through a screen with three meshes to an inch each way ; and (é), 
ashes which passed through said screen ; each grade was weighed 
by itself, kept separate, and sampled for 
analysis. The first grade (a) was pulver- 
ized and sampled in the same manner as 
the week’s coal. The second grade (/), 
clinker, was sampled, by taking a part 
of almost every lump, making as fair a 


selection as possible. This grade, which 
sometimes reached 500 pounds in a week 
—more than one-fifth of the whole quan- 
tity of ashes and residue—-was nearly 
barren of carbon, while the first grade, 
although small in quantity, was little in- 
ferior in carbon to fresh coal. 


The third grade (c), the fourth grade 
(/), and the fifth grade (¢), were sampled 
by passing them twice in succession 
through an ore-sampler, shown in Fig. 
179. Placed in the conical hopper A, 


HORIZONTAL SECTION 


° ORE SAMPLER, FOR OBTAINING 
they passed though its open end (a), con- SAMPLES OF ASHES AND RESIDUE. 
centrically upon the apex of the right cone Fig. 179. 


B, which distributed them evenly on all sides in a sheet, growing 
gradually thinner toward its base, near which were placed four 
tubes, one inch in inside diameter, equidistant in a circle forty 
inches in circumference, so that each tube was equal in diameter 
to one-tenth of the quadrant in which it was set. 
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Of each tube, the side facing the center of the cone and above 
its surface, was cut away so as to present an open mouth, one inch 
wide, towards the descending sheet of ashes or cinders, one-tenth — 
of which they received and conducted into the quadrant-shaped _ 
— cups beneath them in the base of the sampler. 

When these cups were full, or when all the ashes or cinders of 
any grade had been passed ‘through the sampler, the cups were 
taken out, emptied, and replaced in position ; aud their contents. 
were again passed through the sampler. By this process, supple- 
mented by a small correction (found by weighing the whole quan- 

_ tity, and the quantity delivered each time into the cups), for any 
variation in the actual dimensions of the sampler from the exact 
one-tenth contemplated, a known proportion, about one one-hun-— 
—dreth part of each grade of ash and cinders was obtained, of pre-— 
sumably average quality. Each sample so obtained was then pul- 
-verized, and a smaller sample obtained by subdivision in the man- | 
ner usual in treating ores, was finally bottled, labeled, and put aside | 
for analysis in its turn. The fifth grade (e) was, atter sampling, | 
again subdivided by passing its finer portion through a sieve of — 

brass wire-cloth of forty meshes to an inch each way. The portion 

which passed through this sieve, which was much the larger por- 


tion, was almost wholly incombustible ash—only about 5 per cent. 

of it being carbon, while the portion remaining on the sieve, 
although small in quantity, was almost wholly pure coal, appa- 
rently resulting from decrepitation. The weight of each grade 
being known, and the proportion of carbon in each being ascer- 
tained by analysis, it of course follows that the total quantity of 
carbon in ashes and residue becomes known. 

It is probably a a safe assumption that no combustible save carbon 
remains, since volatile hydrocarbons must be either burned tc 
CO, and water, or driven off by the heat of the fire. 

Results finally obtained in the manner above described may be 
checked by a method much easier, and little less accurate, even in 
theory, while its simplicity eliminates an accumulation of errors of 
observation, and makes it, in practice, quite as accurate. 

This second method is as follows: 

The analysis of the coal thrown on the fire-grates during the 
week gives the proportion of ash it contains, and this proportion 

applied to the weight of the coal consumed during the week, after 
deducting the weight of the unburned coal picked out of the ashes 
and residue [grade (#)], gives the seated of “ash” proper, in the 
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week’s ashes, cinders, and clinkers of all grades (4), (¢), (d), and (e) 
It follows that the excess of the combined weight of ashes and resi- 
due of these four grades, over the weight of ash as determined by 
analysis of the coal, is equal, or nearly equal to the quantity of car- 
bon contained in the ashes and residue of these four grades. It 
would be exactly equal if all the unburned coal could be picked 
out; but this can hardly ever be the case, since no inconsiderable 
quantity goes through the grates in particles too fine to be picked 
out, and can be segregated only by subdividing grade (¢), after pul- 
verization, by means of a fine sieve, as above described. In treat- 
ing a coal which decrepitates very badly, it may be necessary to 
sample and analyze the ashes and residue, as herein described. 
Such is the Rhode Island coal, large lumps of which sometimes 
crumble to fine black sand and sift through a thick fire to the ash- 
pit, with startling suddenness, without becoming too hot to be held 
in the hand. But in the use of most, perhaps all, of the Pennsyl- 
vania anthracites, the second and simpler mode of procedure I have 
described will be found sufficiently accurate; and this was the 
method pursued in the later portion of our work. 

Pressure by Stream Gavor.—One of Edson’s Pressure 
Recording Gauges was connected with the boiler, and kept in op-— 
eration throughout the whole duration of the trials. A set of the 
diagrams from this gauge running through the days and nights of 
the week ending July 23, 1881 (week B), is given in Fig. 180a, 


PACIFIC BOILER July 18. Day. 


PACIFIC BOILER 


8 9 10 ll 12 P.M. 1 2 3 
Week B, Ending July 23, 1881. Edson’s Pressure Recording Gauge 


Fie. 180a. 


| 
= | AN See 
6 7 8 9 lu u 12 M. 1 2 3 4d 5 6 a 
July 1°-19, Night. 
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b, ec, d, e, and f, reduced by photography to two-thirds of the size 
of the diagrams. The upper diagram on each set exhibits the 
pressures during the day—6 a.m. to 6 p.m, except on Saturday, 
when the day closed at 12m. They show very clearly the ex- 
tremely unequal demand for steam, but very inadequately, for two 
reasons :—/first, because the fire was urged and evaporation was ac- 
celerated whenever steam pressure was rapidly drawn down, and in 
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Fig. 180d. 

July 22. 1881 Day 


can 


RM. 1 


July 22-23, Night. 


8 9 10 11 RPM. 1 2 3 
Week B, Ending July 23, 1881, Edson’s Pressure Recording Gauge 
Fie. 180¢. 


PACIFIC BOILER Saturday, July 23. 1881.Day. 


8 9 10 ll 12 M. 1 2 3 
Week. B, Ending July 23, 1881. Edson’s Pressure Recording Gauge 


4 
‘ 
6 a 
40 
1 xa 7 3 9 10 11 Pe 2 8 4 5 6 q 
| 
| 
| 


806 TRIALS OF A WARM-BLAST APPARATUS. 

some degree checked when it rose ; and second, on account of the 
smaller scale on which this gauge records pressures in the upper 
portion of its register, the 10 lbs., 70 to 80, occupying only half as 
much space as the lower 10 lbs., above 0. The effect of this is to 
mask the irregularities, in some degree, making them appear much 
less than if the scale were uniform throughout. 

The Edson gauge is excellent for the purpose of recording the 
general state of the pressure; but its indications are not sufficiently 
accurate for numerical calculation, if for no other reason, on ac- 
count of the small scale on which it works. 

It was therefore necessary to take readings of an accurate press- 
ure gauge at stated intervals, as accurately spaced in time as pos- 
sible. 

Such readings were taken every quarter of an hour during the 
day, and part of the time by night also; but the greater uniform- 
ity at night led us, soon, to take readings at the hours and half- 
hours only. The gauge was a ten-inch Bourdon test gauge, made 
by the American Steam Gange Company, which had never before 
been used except for comparison with other gauges. It had been 
compared many times with a mercury column, with which it 
agreed quite closely, and had not been used after having been so 
tested, until it was used in these experiments. 

It was connected with the boiler by a branch pipe from the pipe 
leading to the Edson gauge, and as the pressure was shut off from 
the test gauge except when a reading was to be taken for record, 
a slight reduction of pressure took place at the Edson gauge when- 
ever the stop-cock of the test gauge was opened, producing by the 
downward motion of the marking pencil, and a little recoil on its 
rising at the close, a short mark crossing the trace of the Edson re- 
cording gauge, which indicates the moment of the reading, and the 
point in the trace with which the reading is to be compared. A 
mean was taken of the readings of the test gauge for each day, and 
for each night, and a general mean for each week, of the days and 
also of the nights. It will be observed that the diagrains, Fig. 180 
a, b, ete., are reversed in direction from the original diagrams, 
which read from right to left. This is merely for convenience of 
reading in the ordinary manner, from left to right. I have not 
thought it worth while to reproduce here these diagrams for more 


than a single week, since these fairly represent them all in general — 
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- or BotLER AT VARIOUS HEIGHTS OF WATER LINE AND AT 
VARIOUS PRESSURES.—A scale, graduated to inches and tenths of an 
inch, was attached to each glass water gauge in such a manner that 
the surface of the water in the glass tube could be readily referred 
to it, and readings of this gauge were recorded every quarter of an 
hour. It was practically impossible to maintain a uniform water 

: level, and it was found to be inconvenient to bring the water at 

the close of ay experiment, at noon on Saturday, to agree exactly 

with that at starting, on Monday morning. It was therefore neces- 


sary to ascertain the true difference in quantity due to any observed 
difference in height of surface; and convenience required that this 
should be ascertainable by inspection of a table. The subjoined 
table, Table XXVII., was therefore constructed, showing the ca- 
pacity of the boiler expressed in pounds avoirdupois of water at 
the zero of the scale, and at each inch of height above that zero, 
with differences for ascertaining by interpolation the quantity for 
parts of inches. The height, in inches of the water surface above 
the zero of the scale, is given in the left-hand column of the table, 
which is in two parts. But the weight of a given volume of water 
varies with its temperature, which corresponds with the absolute 
steam pressure. The table is, therefore, computed for 17 different 
pressures, from 0 = one atmosphere = 14.7 pounds per square inch 
absolute, up to 80 pounds steam-gauge pressure = 94.7 pounds ab- 
solute, at intervals of 5 pounds, as indicated by the figures at the 
head of the columns, which are steam-gange pressures; with col- 
ums of differences for ascertaining by interpolation the quantity of 
water at intermediate pressures. The zero of the scale is near the 
lower end of the tube, and abont 3.08 inches above the top of the 


upper row of flues, and 9.33 inches above the center of the shell. 


EXAMPLE OF THE USE OF THE TABLE. 


In the experiment for the week ending May 20, 1882, at 6h. 
32m, A.M.on Monday, May 15, the reading at the scale of the glass 
water gauge was 5.3 inches; pressure of steam by steam gauge, 15 
pounds. At 12 mM. on Saturday, May 20, water stood at 3.0 inches, 
steam at 50 pounds. 


» 
= >. 
4 
‘ 
+ 
- 
4 
i 
Pa 
~~ 
: 
f 
a 


TRIALS OF A WARM-BLAST APPARATUS. 


Then, by consulting the table, we find in the column 
headed 15, opposite the height of 5 inches, water in 
boiler.... ... 18,546 lbs. 
Difference for 1 inch = 424 Ibs, 


Pounds of water at starting . 13,673 lbs. 
The column headed 50, opposite the height 3 inches, 
water in boiler 12,404 Ibs. 


Number of pounds less at the end of the experiment than 

at its beginning 1,269 Ibs. 
Number of pounds fed into the boiler during the experi- 

ment.... 156,214 lbs. 


Number of pounds of water evaporated during the ex- 
periment 157,483 Ibs. 


_ Since the two boilers are alike, this table applies equally well to 
both. 

Rapiation FROM Brick-workK.—An attempt was made to meas- 
ure the quantity of heat lost by radiation from the brick-work, 
which, although unsatisfactory, yet seems to possess some interest, 
and will be briefly noticed. 

Tue Apparatrvs.—Two tin-plate vessels were provided, each 
twelve inches square and one inch thick, closed on all sides. On 
one side, near the corners, there were two rings by which the ves- 
sels could be hung up upon nails driven into the brick-work. In 
the upper edge, when so suspended, there was a tubular orifice, 
about 0.75 inch in diameter, slightly tapering, for convenient in- 
sertion of a cork. Through the cork two small glass tubes were 
inserted ; one, for inflowing water, extending down inside nearly to 
the bottom of the vessel; the other, for outflowing water, extend- 
ing but slightly through the cork. 

Each of these tubes, near the entrance through the cork into 
the vessel, was provided with a suitable enlargement, bend and 
orifice for convenient insertion of a thermometer, to show the tem- 
perature of inflowing and outflowing water. Water was supplied 
from a bucket suspended in an elevated position, and received in a 
bucket on the floor, surrounded by ice, to reduce loss of weight by 
evaporation. The edges and the back of the vessels were protected 
from loss of heat by radiation, at least in some degree, by a hood of 
cotton flannel filled with eider down; and the edges of .this hood 
were drawn slightly over the naked side next the brick-work, by a 
gathering-string, to cut off circulating air currents which would 
carry off heat by convection. Finally, the naked side was coated 
thickly with dry lampblack, for the better absorption of radiant heat. 
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The method of using this simple apparatus consisted of noting 
at frequent and regular intervals the temperature of the inflowing 
and outflowing water, and in ascertaining the quantity of water 
flowing through each vessel in a known interval of time. 

Tran or tue Arpararevs.—-On the 10th of August, 1881, both 
these radiometers were placed, side by side, on the smoke-box cover 
of the Pacitic Boiler—marked, for distinction No. 1 and No. 2— 
and streams of water, supposed to be nearly alike, were set to flow 
through them. A first experiment of one hour, 8 h. 45m. to 9h.45 m. 
A.M., Was immediately followed by a second, of 3h. 30 m.—10 h. 0m, 
AM. to Lh. 30m. pat. Observations of temperatures were noted 
every 15 minutes. The water was weighed at the close of each ex- 
periment. The results are given in Tables XX VIII. and X XIX. 

The line marked * B, t. u., total,” is obtained by multiplying the 
number of British thermal units corresponding to the increase of 
temperature, by the number of pounds of water to which such 
quantity of heat was imparted, in each case. 


TABLE XXVIII. 


6 
RADIATION : EXPERIMENT NO. 1. or 
RADIOMETER NO. 1. RADIOMETER NO. 2. 
Water heated, Ibs........| 8.797 Water heated, Ibs....... 15.56: 
Mean ¢, initial ........... | 78.167 | Mean é, initial .......... 77.32 
Mean #, final............. | 95.40° | Mean final....... 93.10 
Mean increase, deg....... Mean increase, deg ...... | 15.78 
TEMPERATURE OF WATER. TEMPERATURE OF WATER. 


= 
; TIME. Initial. Final. TOME. Initial. Final. 
7 Degrees F. | Degrees F. Degrees F. Degrees F. 


8:45 76.8° 98 8:45 76.5 91.07 
9 W7.4° 92.3° 76.3 93.8 
9:15 78.0° 97.9° 9:15 76.9 93.0 
9:30 78.7° 93.0° 9:30 77.0 92.0 
3:45 .9° 9:45 79.9 95.7 
78.16 95.4 Mean ...... 77.32 93.10 
78.1923 95.4642 | %7.8506 93.1612 
B. t. u., increase ......... 17.2719 B. t. u., increase ........ 15.8106 


| 
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TABLE XNXIN. 4 

RADIATION : EXPERIMENT NO. 2. 


RADIOMETER No, 1. RADIOMETER No. 2. 


Water heated, lbs 3.105 | Water heated, ]bs......., 28.699 
Mean f¢, initial 85 .37° ' Mean f, initial 79.91 
98° 
Mean increase, deg 380.01 


TEMPERATURE OF WATER. - 4. TEMPERATURE OF WATER. 


th 
Initial. Final Initial. Final. 
Decrees F. Degrees F. Degrees F. | Degrees 


105.% 
101.3 
1038. 
104. 
105. 
105.! 
106 
109 
114.: 
120. 
119.5 
121.0 
111.0 


B. t. 85.41! 109.5784 79.9458 110.1100 
B. t. u., imerease......... 24.1627 . t. u., increase........)| 80.1642 
B. t. u., total, 8.5 hrs...., 316.6522 .t. u., total, 3.5 brs...| 714.8614 
, per hour 90.4721 . per hour. 204.2461 


Mean, 4.5 hrs...., 104.1318 . t. u., mean, 4.5 hrs...) 203.4015 

The tables present some striking anomalies, but some coincidences 
no less striking. 

The result obtained from radiometer No. 1, is very much less than 
that obtained from No. 2—only 62 per cent. as much in the first hour, 
experiment No. 1; only 44 per cent. in the following 3.5 hours, ex- 
periment No.2; and for 4.5 hours, taking both experiments together, 
51 per cent. 

There was certainly no corresponding difference in the radiation 
from the two parts of the smoke-box cover, which were only a few 
inches apart, and almost certainly of equal temperature. The dif- | 
ference here noted in the apparent radiation is at once too large 
_and too uniformly persistent to be explained by any errors of ob- 


‘> 
| | 
i 10 87.8° | 10 79.0 100.0 
10:15 75 ..2° 10:15 78.0 105.0 
10:30 %8.7° 10:30 78.5 108.5" 
10:45 79.67 10:45 79.0 111.6 
‘a 11 79 .5° 11 79.0 114.5 
11:18 80.3° | 11:15 79.5 117.0° 
11:30 | 80.7° 30 77.0 109.0 
| 81.7° 15 79.5 100.0 
12 87.8° 88.3 112.0 
12:15 90.5° | 89.1 112.5 
12.30 93.1 3) 77.5 112.2 
12:45 94.7 15 79.0 107.0 
1 96.0 $78.2 108.4 
1:30 78.4 30) 7.0 115.0 
> 
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servation. Two explanations suggest themselves, which, singly or 
in conjunction, may account for it. 

First, radiometer No. 1 may not have been so adjusted to the 
brick-work as entirely to cut off circulation of air, and consequent 
loss of heat by convection ; and second, radiometer No. 2 may have 
been, to some extent, in contact with the smoke-box cover, so as to 
receive some heat by conduction. The object of these prelimin- 
ary experiments was to test the accuracy of the radiometers,.and 
the intention was to divide the area of the brick-work into por- 
tions of about one square yard, and to apply the radiometers in turn 
to each and all of these partial areas. The first results were not 
satisfactory, and circumstances did not permit the prosecution of 
this inquiry. The date of these experiments, August 10, 1881, 
falls in the week ending August 13, week E. The coal burned 
that week was 14,670, pounds of evaporative power equal to the 

evaporation of 13.64 pounds of water from and at 212° F., and 
therefore capable of producing : 

14670 « 13.64 «x 965.7 = 193235411 B. t 


Loss trom imperfect combustion was 1.81 per cent. The loss by 


radiation from brick-work, for week E., appears to be 1.39 per cent.; 
but this isa residuum, and is affected by many small errors. It is 
therefore proper to take the mean for the six weeks, July 16 to 
August 20, which was 2.81 per cent. 
Now, per cent. of 198235411 = 8497561, and 
subtracting 


> 
ve have Tai — 189787850 as the number of British ther- 
mal units actually produced in week E. Taking 2.81 per cent. of the 
heat produced = 5331634 British thermal units, going on day and 
033 L634 
night, say 132 hours per week, we have a= 40391 B.t. u. per 
hour. The total radiating surface of the Pacitic boiler setting was 
about L000 square feet, and dividing by this number the quantity 
40391 
of heat radiated per hour, we have, 1000 = 40.39 B. t. u. per 
square foot per hour. Imf this be the mean radiation from the whole 
outside surface of the brick-work, the rate must be much greater 
directly opposite the fire. If 2.5 times as much, it would be 40.39 
x 2.5 = say, 101, about equal to the quantity shown by radiometer 
No. 1, and about half as much as appears by No. 2. But these ex- 
periments were upon the iron cover of the smoke-box, where the 
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radiation was probably considerably more rapid than from the brick- 
work, although the internal temperature was low. Inconclusive 
as were these experiments, the apparatus appears to have elements 
of usefulness, and may, with patience and care, yield valuable in- 
formation, 

TRANSMISSION OF HEAT THROUGH BRICK-WORK.—AI] the heat ra- 
diated from the surface of the brick-work must of course reach the 
surface from within by conduction. 

For studying the conduction the following provision was made 
Round wooden rods, about 1.5 inches in diameter, a little tapering, 
were laid, horizontally and transversely, in the side wall of warm- 
blast boiler No. 2, in two rows, respectively 45" and 5' 0" above the 
floor, 14 inchesapart in each row, those in the upper row being placed 
centrally over the spaces between those in the lower row. There 
were 7 in each row, penetrating respectively 4, 8, 12, 16, 20, 24, 
and 28 inches; the latter, therefore, having only the width of one 
fire-brick (4.5") between its extremity and the combustion cham- 
ber, about midway between the bridge wall and the pier. On the 
withdrawal of the rods, holes were left for the insertion of ther- 
mometers to the several depths above mentioned. 

The position of the deep and shallow holes was reversed in the 
two rows, so that the 4” holes in each row were near the 28" holes 
in the other. This arrangement will be clearly seen in Fig. 181. 


SO 


| 
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| 
| 
| 
| 


HORIZONTAL SECTION OF BRICK-WORK OF WARM-BLAST BOILER ; SHOWING THE LOCA- 
TION OF HOLES FOR TAKING TEMPERATURES, 


during all the working hours of one week, quarter-hourly— Monday 
morning, September 19, to Saturday noon, September 24, 1881, in 
the 28-inch hole, A, Fig. 181, in the lower row, located 12’ 5” from 
the front end, and 8” above the level of the lower side of boiler. 
The observed temperatures are all given in Table XXX., and repre- 


Three sets of observations were taken in these holes; the first, 
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TABLE XXX. 
TEMPERATURES OF BRICK-WORK, WARM-BLAST BOILER NO. 1, 12 5 FROM 
FRONT END,—2 5° ABOVE GRATES,—28 FROM OUTSIDE, 4.5° FROM INSIDE 
OF SIDE WALL,—MONDAY, SEPT. 19, 7 h. 30 m. A.M., TO SATURDAY, SEPT. 24, 
12h. 15m. P.M., 1881. BY MERCURIAL THERMOMETER : QUARTER-HOURLY 
READINGS. SEE PROFILE, FIG. 183. 


Monday. Tuesday. Wednesday. Thursday. Friday. | Saturday. 
19 20 21 22 23 4 
| 


| Degrees F. | Degrees F. Degrees F., Degrees F.| Degrees F. Degrees F. 


| 354 | 344 
358 | 344 
360 344 
356 341 
B45 340 
358 340 
357 341 
360 341 
362 346 
362 350 
354 344 
355 344 
364 346 
368 346 
368 348 
370 348 
372 348 
372 348 
374 346 
374 348 
376 350 
378 } 352 
878 | 354 
B80 354 
880 | 854 
382 354 
383 357 
384 358 
386 358 
1! 34: 386 358 
390 362 
390 362 
392 362 
394 356 
398 354 
398 | 364 
398 B64 
392 366 
394 362 
394 364 
B04 364 
394 362 
304 364 


| 
390 
330 360 392 
$23 360 384 
320 360 B85 
325 360 35 
4 349 363 383 
350 370 
334 372 
340 374 334 
340 374 388 
332 378 384 
350 
352 3N6 360 
350 3N6 B36 
354 394 38600 
358 397 
362 399 336 
364 41 38600 
366 404 J 
366 414 
366 415 7 
372 416 
373 40 | 
374 428 
375 430 
374 434 
374 435 | 
378 46 
374 444 | 
374 
| 384 
386 454 | 
| 388 452 ade - 
392 452 
452 | 
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sented graphically in Fig. 182 and Fig. 183. In Fig. 182, the sev- 
eral daily profiles would, if all drawn from the same base-line, con- 
fuse each other. The 400° line is therefore raised for each succeed- 
ing profile, enough to permit all to be clearly seen. The waving 
lines connect the points observed, of which there were on Monday, 
42, on Tuesday and Wednesday, 45 each, on Thursday 43, on Fri- 
day 44, and on Saturday 22, making 241 in all. 


These waving lines repre- 
Fig. 182. GRAPHICAL REPRESENTATION OF 


TABLE XXX. SOALES, 4 HOURS— Seo” sent, for the most part, if not 


7_ 30,138 always, real fluetuations of tem- 


perature. Every opening of a 


tire-door sent a pulse of low 
temperature through the brick- 
= s work, and this was sharply felt 


so near as 4.5 inches to the 
source of heat. The smooth 
curves are intended to represent 


day approximate mean ranges ol 


temperature. On Monday the 
temperature remained station- 
ary, indeed fell 4° or 5° while 
the banked fire was opened, and 


+ Monday 


' 
t 


fresh coal put on, but from 8:30 
rose sharply, although not quite 
uniformly, to the close, and 
reached 400°, a point not again 


attained until noon of Friday. 


The effect of light firing and 
early banking is distinctly seen on Tuesday and Wednesday. On 
Friday, the fire was driven hard at midday. This was the day on 
which an experiment was made to ascertain the power consumed in 
driving the blower, when the speed of the engine was 191 revolu- 
tions per minute, and that of the blower, 232, resulting in a rate of 
combustion equal to 16.63 pounds of coal per square toot of grate 
perhour. Fig. 183 shows the same mean curves on the same verti- 
cal scale, combined with a horizontal scale one-sixth as large, aud 
the intervening nights, in which the temperature is represented by 
dotted lines, connecting the last observation of each day with the 
first of the day following. From Saturday noon, when the fire 
was drawn, the dotted line is seen sloping away to reach some low 
point on the following Monday morning; but the form of this 
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Fig. 183. i 
GRAPHICAL REPRESENTATION OF TABLE XXX. VERTICAL SCALE AS IN FIG.182, 80 TO 5; 
HORIZONTAL SCALE,24 HOURS INCH. IN BRICK-WORK FRONT END, 25° ABOVE 
GRATES; 4.5 FROM INSIDE. 


A Day, Night.:| Day, | Night.!| Day. | Night.|| Day. | Night.) Day. | Night.;|Day, 
f 1} 
+ 4 - 
|| Monday Tuesday Wednesday Thursday Friday Satur’y 
200° | 19 20 2 22 23 Ba 
curve and of the night curves, is conjectural, no night observations 


having been taken, 


Table XX XI. presents a record of 24 ob-ervations at each of 3 
holes, severally 8”, 16’, and 24” in depth, and therefore 20.5", 
16.5", and 8.5” from the tire, taken on Monday, February 13, 1882. 
In Fig. 184, these observations are arranged in the form of three 
profiles upon the interval of time, 5 h. 45 m.as a base. The assumed 
little 


means, 


represented by the full, smooth curves, are here a 


more arbitrary ; but this is, as will be seen, of no importance. 


Fig. 18a. 
ig. 185. 
GRAPHICAL REPRESENTATION OF TABLE XXX! 
- ARTER-HOURLY MEAN T 
FEBRUARY 1S. 1882 QU RANSVERSE TEMPER, 
TEMPERATURES IN BRICK-WORK. ATURES IN BRICK-WORK FROM TABLE XXX. 
M. FEBU3.1882, 
}6 in. 
400° 400° 
TITHTT i 
| 
= 
! 
300° 43 300° Sy: 
8 in. 4 =A 10.30 
2 = 
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a 
TEMPERATURE OF BRICK-WORK OF WARM-BLAST BOILER SETTING NO. 1, AT 
VARIOUS DEPTHS, NAMELY, 8 INCHES, 16 INCHES AND 24 INCHES FROM THE 
OUTER SURFACE: 10 h. 30 m. A.M. TO 4h. 15 m. P.M., MONDAY, FEBRUARY 
13, 1882. SEE FIG. 184. 5 FEET ABOVE FLOOR. 


8 16 24 8 16 p> | 
inches inches inches | | inches inches inches 
from from from / from from from 
outside, outside. outside. outside. outside. outside. 


Deg. F. Deg. F. Deg. F Deg. F. Deg. F. F. 
A.M. 180 230 294 220 
282 


242 


248 


290 


293 
| 


Fig. 185 represents these assumed mean temperatures as a suc- 
cession of profiles upon the thickness of brick-work they embrace 
(16 inches), as a base, by full lines at the hours, and dotted lines at 
the quarters of an hour. 

Fig. 186 represents in the same manner as the preceding figure, 
the hourly profiles, by the temperatures actually observed ; agree- 
ing in general configuration with the last figure, but differing in 
detail, and presenting a little less range in consequence of the 
omission of two lines before 11, and one line after 4 o'clock. 

Fig. 187 is similar to the two preceding, except that here all the 
quarter-hourly lines are drawn from the actual observations, and 
embody all the irregularities of the waving lines of Fig. 184. 

This table is noticeable for the high temperature found, especially 


t® «4 


a A 
818 
| 
TIME. 
H. M. 
45 
11 |_| 
| 186 | 246 334 15 | «885 425 
| | 
30 «186 272 344 30 259 | 384 446 
| 
45 | 272 361 45 | 459 
12 M. | 190 274 361 3 | 252 376 453 
15 p.m.| 203 | 276 | 360 15 8h) 481 490 
30 | 215 | 279° 30 480 | 513 
45 215 | 282 357 45 me 
| 
1 217 | 286 356 468 513 
15 220 | 311 381 15 469 | 515 
] 
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Fig. 187, 
ACTUAL HOURLY TEMPERATURES IN BRICK- QUARTER-HOURLY ACTUAL TEMPERATURES IN 
WORK: FROM TABLE Xxx). BRICK-WORK: FROM TAGLE 
MONDAY, FEBRUARY 13. 1882. FEB.13, 1882. 
P.M. | P.M. 


3PM, 


PM, 


“12M. 
Ay PM. 


11 ALM, 


\ 


\ 


fiom 


10.30 


\ 


\ \ 
\ 
from f 


& in. from outside: 24.5 in.from fire. 


from ontside: 


16 in. from outside; 16.5 in. 
in. from outside: 8.5 in) 


| in. from outside: &5 in. from fire. 


I'S in from outside: 


{16 in, 


|_OF. J 


in the 16-inch hole, and notably in the last five observations—431 _ 
to 487 degrees, 
Table XXXII. embraces 34 sets of observations in 3 holes sever- 
ally, 4°, 16", and 28” deep. The 16” hole is not identical with the 
16° hole of Table XXXL, but is only 7” from it horizontally, and 


Fig. 198, Fig. 189. 

GRAPHICAL REPRESENTATION OF TABLE XXXii.| | HOURLY MEAN TRANSVERSE TEMPERATURES 
mee. IN BRIOK-WORK: FROM TABLE XXxXIl. 

TUESDAY. FEBRUARY 14. 1882. 


16 in. from outside: 16.5 in. from. 
| 


in. from dutside: 4.5in. from fire. 


}—- 


in. from outside: 28.5 in. from fire. 
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TEMPERATURE OF BRICK-WORK OF WARM-BLAST BOILER SETTING NO. 


VARIOUS DEPTHS, NAMELY, 4 INCHES, 16 INCHES, AND 28 INCHES FROM THE 
° OU ER SURFACE: 8 h. 15 m. A.M. TO 4 h. 80 m. P.M., TUESDAY, FEBRUARY 


14, 1882, 5 FEET ABOVE FLOOR, 


4 16 28 1] 16 2S 
TIME. inches inches inches | . inches inches inches 
from from from from from from 
outside. outside. outside. outside, outside. outside. 


Deg. F. | Deg. F. nl Deg F. Deg. F. Deg. F. 
283 12 ; 150 319 
297 H 150 319 

292 316 150 317 

290 32 : 150 350 


294 ov 164 353 


299 { 166 349 


| 
296 392 175 


296 
320 
308 
306 
302 
298 


292 


142 
149 


15 150 


the same distance vertically, and therefore only 10" from it in a 
direct line. 

The three profiles, Fig. 188, are separated by 12 inches of brick- 
work. They are noticeable for the sudden rise in the first 15 minutes, 
at 4”, and in the first 30 minutes, at 16” and 28”; for the great de- 
pression, 12 m. to 1 p.M., at 98", the still greater depression, 2:30 
to 4:30, at 16”, caused by keeping fire-doors open to prevent blow- 


4 ‘ay. 
8 15 am. 118 
140 
7 
140 
9 141 
15 142 
s iu 
10 141 330 471 . 
142 348 30 182 274 476 
142 362 45 © 180 | 308 479 
45 142 359 3 180 300 481 
142 365 15 181 300 488 
+ 
15 142 370 180 362 495 
80 142 376 45 180 310 498 
45 382 4 180 306 503 
12 M. 54 15 180 304 506 
| 369 30 | 180 | 298 | 509 
| | | 


ve 
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ing off steam at the safety-valve; and in the 4’ hole by the two 
well marked level lines—8:30 to 11:45, and 2:15 to 4:30, with the 
intermediate steps. The dotted curves which indicate assumed 
means in this figure are rather violent assumptions, especially at 


16”; but this, again, will be seen to be of no importance#® < 
b 
Fig. 189, showing hourly mean transverse temperatures, Fig. 190, % 
showing hourly actual transverse temperatures, and Fig. 191, show- 
ing quarter-hourly actual transverse temperatures, being similar in . 
construction to figures already described in connection with Table 
XXIX., require no comment. 
Fig. 190 Fig. 192. GRAPHICAL REPRESENTATION OF EX- 
HOURLY ACTUAL TEMPERATURES IN BRICK- | TREME TEMPERATURES IN BRICK WORK: FROM 
WORK: PROM TABLE TAGLES XXX, XXXI, AND XXXII, 
TUESDAY. FEBRUARY 14. i882 | 
500 | 
3PM. 
2PM, 
400° | 
1PM. 
! 
| 
WAM 
9 AM. 
= 
i2 
9 
4 é | € | 2 
= | | 
| 


In Fig. 192, the extreme temperatures—highest and lowest—of 
all three tables, XX VITI., XXIX., and XXX., are grouped together 
in their appropriate positions in the brick-work. The full vertical 
line M N represents the entire range of the 241 quarter-hourly ob- — * 
servations in the 28-inch hole, during the week Sept. 19-24 1881. 

The curved line A C represents the upper, and the line DEF 
the lower temperatures, observed on Monday, February 13, 18 
and the shaded space between these lines and the vertical dotted 
lines at 8” and 24” from the outside, represents the whole range of — 
the 72 temperatures observed on that day. 
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The oblique, nearly straight line, G H I, represents the upper, anc 


= 


the sharply bent line J K L, the lower temperatures observed on 


Fig. 191. 
ACTUAL QUATER-HOURLY TEMPERATURE IN BRICK-WORK: 


FROM TAGLE XxXxil TUESDAY, FEGRUARY /4, 1882. 


| ZA AM. 

Y A 2M. 
AM 


from fire. 
from fire. 
from fire. 


from. fire. 


in. fro 
in. 
$5 in, 


85 


: in. 


16 in. outside: | 16.5 in. 


4 in. from outside 
8 in. from outside : 24.5 


% in. from outside 
28 in, from outside 


Tuesday, February 14, 1882; and the shaded space bounded by 

these two lines and by the 4-inch and 28-inch verticals, represents 

the entire range of the 102 observed temperatures on that day. 


|. 
Y 
| 
|||. 
8.15 
Vj 
Y 
10° 
| 
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E, The form of the curves of transmission, whether convex or con- 
cave upward, or straight, depends on the relation of the increment 
of heat at the inner surface, to the conductivity of the brick-work. 
7 In Fig. 190, the hourly lines at 3 and 4 p.m, and Fig. 191, all 
. the lines from 2 to 4:30, are concave upward, showing that heat 


was received at the inner face of the wall faster than it was con- 
ducted away. In Fig. 187, the 12 m. line is almost exactly straight, 
showing a balance of heat received and conducted ; the lines below, 
especially those at 10 to 11:15, are concave upward, showing that 


heat is received at the inner face faster than it is conducted out- 
ward ; and the upper lines, 2 to 4:15, are convex upward, showing 
that heat is conducted outward faster than it is received at the in- 
ner face. 

Careful study of these diagrams will clearly teach the importance 
of thick walls around boiler furnaces. If the wall shown in section 
in Fig. 192 were, as is too commonly the case, only 16 or 16.5 
inches in thickness, the temperature of the outer surface would 
never rise to 400° or 500° F., because the more active radiation 
would disperse the heat more rapidly ; but this more active radia- 
tion would imply a higher temperature than here prevails at the 
outer surface, perhaps as high as is here found at a depth of 4 to 
6 inches, say 120° to 200° FF. The mass of brick masonry consti- 
tuting the inner foot in thickness of a wall two feet or more in 
thickness, is no mean equalizer of temperatures in the furnace and 
combustion-chamber of an externally fired boiler. Taking into 
consideration only five feet in height and one foot in thickness on 
each side of the furnace, and 26 feet in length (including the cross- 
wall in rear), we have 2 x 5 x 26 = 260 cubic feet, weighing 100 
lbs. per cubic foot, of one-fifth the specific heat of water, equal 
therefore to 20 lbs. of water per cubie foot; and 260 x 20 = 5200, 
A range of temperature of 200°, from 250° to 450° F., will there- 
fore imply an increase or diminution in the quantity of heat of say 
1,000,000 British thermal units, equal to the evaporation from and 
at 212° F. of more than 1,000 pounds of water. Radiation from 
brick-work to boiler is rapid and constant, and tends sensibly to 
maintain uniformity in the transmission of heat to the boiler and 
its contained water, when the fire-doors are opened for firing, or — 
for cleaning the grates, and when the grates are covered with 
freshly fired coal not yet fully ignited. The ideal boiler setting — 
will contain, among other things, a series of three-eighths inch iron 
pipes, welded de at the lower end, inserted vertically, at various 
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distances from the outer surface of the walls, and to various depths, 
to contain mercury, for the more complete study of the subject 
under consideration by the patient and long continued use of the 
thermometer. 

PowER CONSUMED IN DRIVING BLOWER.—The Root blower was 
driven by a Hoadley portable steam engine detached from its 
boiler, made by Geo. T. McLauthlin & Co., Boston, 5.5 inches diam- 


End nearest to crank 
Clearance 15% 


1G. 193. 


End nearest to crank 


| 
| 
| 
| 


| 
18.5}--— 


! 
pt 
194. 


eter of cylinder, and 8 inches stroke, easily capable of producing 
9 horse-power, indicated. Its automatic cut-off was adjustable be- 
Ehre the limits of 125 and 325 revolutions per minute, by means 
of a change of links confining the ends of the governor springs. 
Steam pressure varied rapidly and widely on account of the vari- 
+4 able requirements of the-chemical works for steam, so that without 
automatic cut-off no tolerable regularity of speed could have been 
maintained. 


8 APPAR 
4 ¢ 
f 
te 
0 0 
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Indicator di: agrams were taken from both ends of the evlinder 
under various conditions, Two pair of these are given exactly as 
they were taken, save that they are here reduced to half their 
original length, the scale of pressures unaltered. In both cases 
the speed was 200 revolutions per minute. In Fig. 193 the engine 
was exhausting into the air, and the back pressure was only about 
15 pounds absolute. In Fig. 194 the engine was exhausting into 
an extemporized surface condenser with about 3.8 pounds per 
square inch back pressure, above the atmosphere, equal to 18.5 
pounds absolute. Clearance, ascertained by filling the space with 
water, was equal to 15 per cent. of the volume swept through by 
the piston, allowance being made for the volume of the piston-rod 
at the end nearest to the crank. 

There is evidence of leakage in the compression lines, The 
power shown in Fig. 193° is 2.06 horse-power indicated. The 
quantity of visible steam exhausted is equal to 40.86 pounds per 
horse-power per hour. 

In Fig. 194 the power is 2.77 horse-power indicated, and the 
quantity of visible steam is 43.1 pounds per horse-power per 


hour. On the 23d day J 
of September, 1881, a 
very careful experiment 
was made to ascertain al 
the quantity of heat re- inc 
jected by the engine while 
driving the blower, by | 26 Mean 
condensing all the steam | = sai 
from the exhaust pipe, 
and noting the quantity 
of waterused for condens- E mw 
ing and its initial and | 
final temperature. For | 
described was used. |_ A 
placed on a roof, main- 4 6 | 8 | 10 | 12 u 16 | 18 20 22 
tained at a constant level slean of diagrams taken while condensing the ea. Steam, 


by a “ball and cock, Fic. 195. 

was led by pipes to the interior of the calorimeter and distributed 
by seven pipes of three-quarter inch «¢« gas pipe, one passing down 


{ 
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the center in the space usually occupied by the shaft of the agita- 
tor, and the other six spaced equally around the sides between the 
calorimeter lining and the steam drum, Water was supplied to 
these pipes equally by branches from a vertical, centrally located 
two-inch pipe extending from the cask. 

The water so supplied proved to be adequate to condense the 
steam at only three to four pounds pressure above the atmosphere 
(Fig. 195). A weir was titted to the top of the calorimeter to dis- 
charge this water through a spout into a cask placed conveniently 
near on scales, Delicate and accurate thermometers having their 
bulbs immersed in small vials filled with oil were placed in the in- 
flowing and outflowing streams, and the temperature they indi- 
cated was noted once a minute. The oil in which the bulbs were 
immersed served to integrate the momentary variations of tem- 
perature due to imperfect mixing, so that the changes were moder- 
ate both in rapidity and extent. 


Time of beginning the experiment, P. M......... 4h. 13 m. 58.5 s. 
Time of ending the experiment, P.M ............ 5h. 35m. 9.08, 
= 1.3529166 h. 81.175 m, = 4870.5 seconds. 
Reading of counter on engine, 3122000 
Reading of counter on engine, initi 3106500 
Number of revolutions of engine in 81.175 minutes.... 15500 
Mean number of revolutions of engine per minute 190.9455 
Mean velocity of piston in feet per minute 254.59 
Flow of water over weir, 413°Ibs. in 5m. 56.00 s. 
Again, 413 lbs. in 5m. 55.50 s. 
Again, 413 Ibs. in 5m. 
Mean flow of water over weir, 413 Ibs. in... 5m. 
Total quantity of water in 81.175 minutes, lbs. ... 
Quantity of water per minute, lbs................... 69.689 
Quantity of water per hour, lbs........ ‘ 4181.34 
Quantity of water per horse-power per ‘hone, 2 08 
Total quantity of exhaust steam and entrained and 
condensed water, lbs........ 
Steam and entrained and conden nse a water per hous, 
during 1.3529 hours, Ibs........ 175.18 
Steam and entrained and condensed water per horse- 
power per hour; 2.08 indicated horse-power, Ibs... . 84.22 
Ratio of condensing water to steam 23.87 
Mean final temperature of condensing water 109.9° F. 
Mean initial temperature of condensing water 68.2° F. 
Mean rise of temperature 41.7° F. 
Number of B. t. u. added to each one pound of water = 
110.0047 — 68.2683, B. t. u 41.7364 


— 
* 
| 
be 
+ 


~ 


Total number of B. t. u. added to 5657 Ibs. of water in 
81.175 m. 

Mean temperature of condensed steam. 

Difference in quantity of heat etme: water at 94.9 F. 
and at 68.2) = 94.9618 — 68.2683 = u...... 

Quantity of heat carried off by water condensed f:om 
steam (237 ibs.) above initial temperature of condens- 
ing water = (4.2648 — 68.2683) 257 

Total quantity of heat rejected by the engine and 


~ 


found in the condenser, 236102.8 + 6327.1 — B.t.u... 


stantially like these, being slightly imperfect, are re- 
jec ted 
Ratio of the mean power at the two ends of the eitalios 
to the power developed at the end farthest from crank, 
per cent 
Power eee at both ends of the ey!., 2.636 
British therm: alt units in equal ¢ to 2.08 indic ated h. p. 
81.175 minutes, 
2.08 x 33000 « 81.175 
Steam pressure, absolute, in condenser, Ibs, per sq. in... 
Heat, above 0 F. contained in one pound of steam of 18 
Ibs. pressure per sq. in absolute, B. t. u.... 


Heat above 0° F. contained in one pound of water of tem- 
perature of condensed steam, F., B. 
Quantity of heat to be subtracted from one pound steam 


of 18 lbs. per sq. in. pressure absolute, to condense it 
to water of 94.9° temperature, B. t. 

Number of pounds of steam of 18 Ibs, per sq. in. p. 
abs. condensed by convertion of heat into work in 
the engine, 2.08 i, h. p. during 81.175 minutes, 

7217.42 
Per horse-power per hour, 
6.64 x 60 
2.08 x 81.175 

Number of pounds of visible steam, according to indica- 
tor cards, per horse-power per hour, Ibs 

Quantity of steam, visible, and condensed in doing work, 
per h. p. per hour, 2.36 x 41.77 = lbs 

Quantity of entrained water, condensation in pipes and 
cylinder (not in doing work), and leakage ; being the ex- 
cess of total steam ard water admitted to steam drum 
237), over visible steam and steam condensed in doing 
work (124 lbs.), per i. h. p. per hour, 
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236102.8 
94.9° F. 


1181. 7640 


94.9648 


1086. 7992 


= = 
827 
+! 
| = 
6327.1 
242429.9 
> 
263 
+ 
1.78 
7 2.08 
| 
a 
7.42 
| 
641 4 
4 
2.36 4 
1.77 
4.13 
| 
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27 x 60 
$1175 x 3.08 44.18, = lbs....... 
Ratio of excess to steam visible : 
40.09" 
44.138 
Ratio of excess to total : 


40,09 
$4.22 


9084, per cent.... 


.476, = per cent 
Ratio of visible steam, etc., to tetal : 
44.13 
84.99 > per cent 
Speed of blower corresponding to 191 rev. of engine per 

minute 
Rate of combustion of anthracite corresponding to 232 

rey. of blower per m. (232 x .07169), in pounds of col 

per sq. ft. of grate area per hour (by experiment) 
Pounds coal burned per hour on fire-grate, 

Pounds of water npenies from and at 212° F. per hour, 

430 
Ratio of all water passing through the engine to water 

evaporated, 

175.18 
“was = .035 = per cent 

This engine, then, was using 3.5 per cent. of all the water evap- 
orated ; but at the rate of 84.22 pounds of water per horse-power 
per hour. If power were supplied from a large engine, of good 
construction, 24 pounds of water per horse-power per hour would 

be sufficient ; and = .287, and .287 x 3.5=1. 
$4.22 

Therefore, the steam required to drive the blower, with a reason- 

| 
ably good engine, running with 24 pounds of water per indicated 
horse-power per hour, is 1 per cent. of the steam generated by its 
use. 

It may be worth noting that the circumference of the engine- 
pulley was 113.30 inches, and that of the blower pulley, 92.87 
inches. The number of revolutions made by the engine and 
blower respectively, during weeks G, ending February 4, and I, 
ending February 11, 1882, and the running time each week, were : 
Running Whole number of revolutions 


time. of of 
Minutes, Enyine Blower. 


Week G : 3272 542 624 659 808 
Week H 3156 508 176 616 088 


Tote), 107 hh. 8 6 428 1050 800 1 275 896 


iy. 
| 
0.09 
ATE 
: 90.84 
+ 
4 
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_ The ratio of these numbers is: 
1275806 
and = 4.2900 
Difference = “slip” = 0058—say about 0.6 per cent. 
SoLip CARBON AND ASH IN FLUE GAsEs.—During the week ending 
August 20, 1881 (week IF), the fuel being bituminous coal, an ex 
periment was made by Mr. Prentiss to determine the quantity of - 
solid matter—finely comminuted carbon and ash—borne off in the— 
cloud of black smoke which to vulgar apprehension appears to pre- 
. sent a formidable loss of combustible material, and is in fact a pal- 
. pable and serious nuisance, 
vr A stream of gas directly from the flue was drawn by an aspira- 


tor through a gas meter, to measure its voluine; and as its pressure 
and temperature were observed, and as the error of the gas meter 
was ascertained, the weight of the gases became known. The 
stream of gas—smoke—was made to pass through a strainer of 
muslin, in the form of a bag, secured at the bottom of a vessel of — 
water, which retained, mechanically, some of the soot, and caused 
the rest to be diffused and retained in the water, while the gas bub- 
bled up and escaped from the water perfectly clear. When a suf- 
ficient and known quantity of the gases had been so passed, the | 
water was evaporated, and the residuum was dried and weighed. 
One hundred cubie feet by the meter, equal to 108.53 cubic feet 
corrected, at 72° F., weighing 584 grains = 0.0762857 Ib. per 


cubic foot, yielded 0.49 gramme = 7.57 grains = 0.001081 Ib. of 
solid matter; and 1 cubic foot, therefore, yielded 0.00001 Ib. 
The quantity of coal burned during the week, was 12890 lbs. : 


the mean quantity of flue gas per lb. of coal was 25.23 lbs.; and the 
total quantity of flue gas was 25.23 x 12890 = 325215 lbs. 


The volume of this gas, at 72° F.. was ; ; 
325215 + 0.0762857 = 4263119 cenbic feet, 


vielding 4263119 x .00001 = 42.63 lbs. of solid matter—soot. The | 
ratio of this soot to the total quantity of coal burned is, 


42.63 | 
[9890 = .0033 = 0.33 per cent. 


No analysis was made of this solid matter, as there seemed to be 


| 
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‘no way of completely separating it from the muslin bag, and the 
quantity was extremely small. 

Its gray color indicated that not more than one-half was carbon. 
_ The proportion of carbon carried off in the black smoke of this 
bituminous coal, would, therefore, appear to be not far from one- 
sixth of one per cent. 


APPENDIX III. 


Memoranpum of agreement by and between Obadiah Marland of 
Boston, in the County of Suffolk and Commonwealth of Massaclin- 


setts, and 
“the Pacific Mills, of Lawrence, Massachusetts, » 

the Massachusetts Cotton Mills, of Lowell, Massachusetts, Be al 
the Boott Cotton Mills, of Lowell, Massachusetts, 
the Naumkeag Steam Cotton Company, of Salem, Massachusetts, 
Atlantic Cotten Mills, of Lawrence, Massachusetts, 

the Great Falls Manufacturing Company, of Great Falls, N. H1., 

the Boston Manufacturing Company, of Waltham, amity 
the Merrimack Manufacturing Company, of Lowell, Massachusetts, - 
Salmon Falls Manufacturing Company, of Salmon Falls, N. H.,— 
the Nashua Manufacturing Company, of Nashua, New Hampshire 
Laneaster Mills, of Clinton, Massachusetts, 
the Manchester Mills, of Manchester, New Hampshire, 

$. D. Warren & Co., of Cumberland Mills, Cumberland , Maine. | 

— Thesaid corporations and manufacturers agree to inake and cause | 
to be made a test of the apparatus set forth and described in United — 
‘States Letters Patent, No. 205,282, to O. Marland, dated June 25, 
1878, and Great Britain Letters Patent. No. 2553, to said Marland, | 
dated June 26, 1878, in accordance with the description of said ap-— 
-paratus contained in said Letters Patent, at the Pacific Mills in the 


‘ts the manner and upon ‘the pa named herein. 

Said test to be made forthwith and without delay as soon as the 
said apparatus can be properly constructed and placed in operation 
at said Pacific Mills. 

Said test to be made with reference to the combustion of both 
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anthracite and bituminous coals, and the device for superheating 
air as set forth in said Letters Patent or either thereof shall be ap- 
plied to the furnace or furnaces used to make said test. 

The expense and cost of said test and the apparatus constructed 
therefor shall be borne and paid by said corporations and manutac- 
turers respectively according to the number of boilers now in use 
. at their mills named herein set against their names hereto respect- 
ively. 

Said test to be made anda full and complete report thereof to be 
made by the engineers and experts employed by said corporations 


and manufacturers to make said test and to be furnished in writing 
signed by said engineers and experts to said corporations and man- 
ufacturers as soon after said test is completed as said report can be 
prepared, and a copy of said report to be furnished to said Mar- 
land. 

When said John C. ILoadley shall give notice in writing to said 
corporations and manufacturers and said Marland that said test has 
been made, then it shall by the parties to this memorandum be 
deemed to be made. 

All upon the condition that not less than two hundred (200) 
boilers shall be represented by the corporations and manufacturers 
named herein. 

And the said Obadiah Marland, for himself, his executors, ad-— 
ministrators and assigns, agrees to issue and grant unto each and 
every of the corporations and manufacturers herein nained whose — 
signatures are placed hereto, absolute license for the full term of 
said Letters Patent and all reissues and extensions thereof, without 
charge for rovalty, rental or otherwise, to apply and use his inven- 
tion set forth in said Letters Patent upon and in connection with 
any and all boilers for stationary purposes which now are in use or 
which may be constructed to be used in the mills now owned by 
said corporations and manufacturers at the places named herein and 
set against their names hereto respectively. 

Said right and license by said Marland or his executors, admin- 
istrators or assigns, to be made by him or them to said corporations 
and manufacturers in due form in writing as soon as said test shall a 
be made and the report thereon in writing made by said engineers — 
and experts and furnished to said Marland or his executors, adinin- 
istrators or assigns. 


In consideration of the mutual promises of the parties hereto, the — 


832 


erally placed their hands and aftixed their seals hereto, this twelfth 
day of February, a.p. 1881. 
Signed, 
Obadiah Marland, [L. 8. 
NO. OF BOLLERS. 
Pacific Mills, Lawrence, by Henry Saltonstall, Treas., 
12 Boston Mfg. Co., Waltham, by Edmund Dwight, Treas., [L. 
9 Naumkeag Steam Cotton Co,, Salem, by H.D.Sullivan, Treas., | L. s. 
Atlantic Cotton Mills, Lawrence, by Wm. Gray. jr., Treas., [L. 8. 
18 Massachusetts Cotton Mills, Lowell. by Geo, Atkinson, Treas., [L. 
Great Falls Mfg. Co., Great Falls, by A. P. Rockwell, Treas., [1. 
Manchester Mills, Manchester, by John C. Palfrey, Treas., [L. s. 
$8. D. Warren & Co, Cumberland Mills, [L. 8. 
Merrimack Mfg. Co., Lowell, by C. H. Dalton, Treas., [L. 8. 
Boott Cotton Mills, Lowell, by Augustus Lowell, Treas., [1.5 
Salmon Falls Mfg. Co., by H. Stockton, Treas., [L. § 
Nashua Mfg. Co., by Frederic Amory, Treas., [L. 8. 


Lancaster Mills, Clinton, by James 8. Amory, Treas., 


APPENDIX IY. 
COMBUSTION OF FUEL. 


HOADLEY. 


Tue perfect combustion of one pound of pure carbon produces, 
it is said, heat equal to 14,500 thermal units; ¢ ¢, heat enough to — 
raise the temperature of 14,500 pounds of ice-cold water 1° Fah- 


renheit. No coal, no coke, consists of pure carbon. Commercial 


anthracites yield, on analysis, about five per cent. of oxygen and 
hydrogen united in the form of water, so that the hydrogen is of 
no calorific value. There is also a varying proportion of earthy 
matter left in the furnace after combustion—-in part also drawn 
into the flues and chimney—ranging from 5 to 15 per cent. The 
purer coals are apt to crumble so badly in heating, for want of the 
tenacity which a larger proportion of “ash’’ would give, that they 
_ often suffer considerable loss by decrepitation, and sifting through 
the fire into the ash-pit unburned, These causes reduce the theo-— 
7 = value of one pound of commercial coal (anthracite) about 
one-sixth, or from 14,500 to 12,083 thermal units. 
Fach thermal unit is equal to 772 foot-pounds of work, so that 
the perfect combustion of one pound of commercial anthracite 
coal is equal to 
12,083 =x 772 = 9,328,076 foot-pounds. 


One horse-power exerted during one hour is 33,000 x 60 = 1,980,- 


PENDI 
= 
a. 
é 
v 


000 foot-pounds; therefore, if all the work represented by the 
perfect combustion of the carbon contained in one pound of com- 


mercial coal in one hour could be converted into useful work in an 
engine, it should produce 


LYSO000 


9328076 
= 4/11 horse-power one hour; 
and each horse-power should require, each hour, 


L9YS80000 19 1s of 
=p — V.212 pounds of coal. 
9328076 I 
But in fact, instead of about one-fifth of one pound, the very best 
engines require ten times as much, or two pounds per hour. Very 
good practice requires fifteen times as much, or 3.0 to 3.25 pounds; 


and the great majority of good engines consume from fifteen to 7 
: twenty times the above quantity—that is, 3.25 to 425 pounds of © iq 


coal per horse-power per hour—and show a ratio of actual per- 
formance to the full caloritie power of the fuel consumed of 5 to 6 
per cent. But this loss of from nine-tenths to nineteen-twentieths 
of the work represented by the combustion of coal—almost start- 
ling when contemplated for the first time—is in great measure 
irremediable in the steam engine, arising as it does from the 
physical properties of water, employed as a vehicle for the use of 
heat. The problem in the steam engine is to convert the molecular 
motion of heat into the sensible motion of ponderable masses— 
a piston, fly-wheel, ete.; and the degree in which it is possible for— 
it to accomplish this, every imperfection and every source of loss — 
eliminated, is the ratio which the difference of temperature of 
initial and exhaust steam (or its “ range”) bears to the absolute 
mom 
temperature of initial steam; that is, 7 ' where T, is the abso 
0 
lute initial temperature, and T, the absolute final temperature. For 
instance, if in a locomotive steam be taken into the cylinder up to | 
the point of cut-off, at 120 pounds per square inch, steam-gauge press- | 
ure (above a mean atmospheric pressure of 14.7 pounds) = 134.7 
pounds absolute pressure, its sensible temperature Fahrenheit will | 
be 850°, and its absolute temperature 461° greater, or 350 + 461 _ 
= 811°. Exhausted under pressure a little greater than that of 
- atmosphere, say 15 pounds per square inch absolute pressure, its 


sensible heat Fahrenheit will be 213°, and its absolute temperature 
will be 461° more, = 213 + 461 = 674°. Now, if T, = 811°, and 


T,—T 811—674 137 
T, — 674°, then = 0,169, or say 16,5 


- 
percent. That is, the range of temperature between initial and — 
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exhaust steam being 187° Fahrenheit, and the absolute initial tem- 
perature being 811° Fahrenheit, such a steam engine, on account of 
being obliged to let the steam go while it still has a temperature 213 
above zero Fahrenheit = 674° above absolute zero (which is 461.2” 
say, 461° below zero Fahrenheit), has within its reach, if it could save 
it all, only 16.9 per cent. of the whole work contained in the initial 
steam in the form of heat. Such an engine will in fact yield about 
6 per cent.; and, dividing this 6 per cent. by the 16.9 per cent., 


we have 169 = 850, or 35.5 per cent., as the ratio of usual engine 
dee 


performance to perfect performance of a perfect heat engine, under 
the above usual conditions. 

About two-thirds, then, of the heat work that may at least be 
striven for is usually lost. 

Where is this loss? In the engine chiefly; but the boiler must 
come in for a share. 

Let us see what the boiler’s share of this loss amounts to. Pure 
earbon perfectly burned, with just sufficient air to supply the 


requisite oxygen, will produce mixed gases weighing 12.6 pounds — 


for each pound of carbon : 


Carbon, 1.0 Carbon, 1.00 
Air, 11.6 Oxygen, 2.66 
3.66 
Nitrogen, 8.94 

12.60 


The specific heat of carbon dioxide is 0.216; that of oxygen, 
0.217; nitrogen, 0.244; atmospheric air, 0.238. It follows that 
the specific heat of all the products of combustion, with whatever 
excess of air over that chemically necessary to the complete com- 
bustion of carbon, is about 0,237, and that, to heat one pound of 
water 1° Fahrenheit, 4.22 pounds of such gaseous products must 
be cooled an equal amount. If a pound of coal were pure carbon, 
its gases would weigh, without excess of air, 12.6 pounds; with 50 
per cent. surplus, 18.4 pounds; with 100 per cent. surplus, 24.2 
pounds; with 125 per cent. surplus, 27.10 pounds; and with 150 
per cent. surplus, 30.00 pounds. But of commercial coal only five- 
sixths is carbon. We neglect the water (or oxygen and hydrogen) 
—as the quantity, small at most, is variable, and its effect on the 
result would not justify the complication its consideration would 
cause—and simply take five-sixths of the above quantities, and 
tabulate them, with the corresponding weight of water per degree, 
and the thermal units expressed in foot-pounds. 


| 
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TABLE I. 


GASEOUS PRODUCTS OF THE COMBUSTION OF ANTHRACITE COAL, AND THE LOSS 
CAUSED BY THE ESCAPE OF THESE GASES AT SEVERAL ASSUMED TEMPERA- 
TURES 5 WITH JUST SUFFICIENT AIR FOR PERFECT COMBUSTION, AND WITH 
VARIOUS DEGREES OF SURPLUS, 50, 100, 125, AND 150 PER CENT. 

Excess of air Weight of the | 

above that | gaseous pro- | Correspond- 
chemically ducts of com- ing weight of 
necessary for bustion of | water which 
combustion the carbon in) could be 

of carbon, per) one pound | heated 1° by 

cent. of the | of anthracite cooling these 
necessary coal, 5-6 of gases 1°, 
quantity. coal, 


Thermal | 


UNIES Moral for 300° Total for 400° Total for 500° 
pressed in above ex- above ex. above ex- 
foot-pounds, ternal air. ternal air. ternal air. 
one thermal | 
Foot-pounds. Foot-pounds. Foot-pounds. 
pounds, | 


3 


Thermal | 
Pounds. units, Foot-Lhbs. Foot-Lbs. Foot-Lbs. Foot-Lbs. 
10.50 2.4881 1,921 576,300 768,400 960,500 
333 6335 2,805 841,500 1,122,000 1,402,500 
166 4.7788 3,689 1,106,700 1,475,600 1,844,500 


2.583 4,131 1,239,200 1,652,400 2,065,500 


5.9242 4,573 1,371,900 1,829,200 2,286,500 


I have made the divisions above mentioned for various tempera- 
tures, ranging from 300° to 700° above the external air, and have 
tabulated the result in the following table: 


TABLE IL. 
RATIO, PER CENT., OF THE HEAT CARRIED OFF BY THE GASEOUS PRODUCTS 


OF COMBUSTION TO THE TOTAL CALORIFIC POWER OF EACH POUND OF COAL 3 ’ 


WITH VARIOUS DEGREES OF EXCESS OF ATR, AND AT VARIOUS TEMPERA- 


TURES OF THE ESCAPING GASES ABOVE THE EXTERNAL ATR. 


RATIO OF Loss TO TOTAL CALORIFIC POWER. 


Excess of air ‘ PER CENTUM. 
above that chemic- ; 
ally necessary for 
combustion of 
carbon, per cent. of | 
the necessary 
quantity. 


Temperatures above external air. 


| 


400 500 700 


Al 
= 
| 
1 | 
4 
0 
§ 
1509 
800° 75 
1 | 2 3 4 | 
0 _ 6.18 8.24 10.30 12.36 14.42 16.47 1.55 
50¢ 9.02 12.03 15.04 18.04 | 21.05 | 24.06 | 2.25 
100% 11.86 | 15.81] 19.77 | 28.72 27.67 81.68 2.97 
| 
125% 18.29! 1%.72| 22.15 | 26.58/ 31.01 | 35.44| 3.82 
150% | 14.71 18.61 | 24.52 | 29.42! 34.32 39.23) 3.68 | 
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Since, as we have seen, the total calorific power of the five-sixths 
ay of a pound of carbon in one pound of commercial coal is five- 
sixths of 14,500, equal to 12,088 thermal units of 772 foot-pounds 
each, equal to 9,828,076 foot-pounds, the numbers in the columns 
5, 6, and 7 of Table I., divided by 9,328,076, will give the respect- 
ive ratios of loss from this cause in each ease, 

Doubts may be entertained as to so large an excess of air as 150 
per cent, occurring in practice. In fact, it is very common. It is 
not easy to carry on complete combustion by means of natural 
draft with less than 100 per cent. excess—/. ¢., double the 
necessary quantity—reckoned as it usually is at 12 pounds of gases 
absolutely necessary per pound of coa/, as if coal were entirely 
composed of carbon. Now, 25 pounds of gaseous products for the 


iN combustion of one pound of anthracite coal containing only five- 


sixths of a pound of carbon, and producing, with no excess of air, 


138 per cent. sur- 


plus air. Experiments to ascertain the composition, volume, and 


ai only 10.5 pounds of gases, is equal to (,3,5, = 2.4 


i temperature of the gases from 17 boilers, burning good anthracite 


coal at a known rate, with great care, and under most favorable 


conditions of draft, grate area, rate of combustion, area of heat- 


ing surface, and general management, gave, by analysis, carbon 


dioxide (no monoxide), nitrogen, and free atmospheric air—the 


latter being one-half of the whole. A check upon the accuracy of 


these results was found in the temperature of the furnace. This 


should be, with double supply of air, about 2,600° Fahrenheit. It 


was found to be a little less, about 2,400°. In my opinion, it is 


understating rather than overstating the matter to say that the 


average of good practice would show a double supply of air. 


If we take as the most common boiler pressure in stationary 


boilers 80 pounds per square inch above’ the atmosphere—say 95 
its temperature, 324° Fahrenheit, will be that of 
the cooling surface to which the hot gases are exposed. In strict- 
ness, the temperature of the outside of the boiler plates will be 
higher than this, as 324° must be about their temperature inside, 
and the transmission of heat from without implies a higher tem- 
perature on the outer surface. Data exist for the computation of 
this exterior temperature under given conditions; but the compu- 
tation is unnecessary here. It is probable that there can be no 
. active transmission of heat from the gases without to the water 
within a boiler, with less than 75° difference of temperature within 
and without, which will include the difference in the two sides of 


pounds absolute 
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the plates. Professor Dwelshauvers-Dery, in an article published 
in the Levue Industrielle des Mines, of which a translation 
appears in Van Nostrand’s Engineering Magazine for February, 
L880, estimates this difference at 91° C. = 164° Fahrenheit, which 
seeins to me excessive; but 75° is probably quite within the mark. 
Observation of a pyrometer in the smoke-box of a return-tubular 
boiler at all stages of the fire has satisfied me that in excellent 
boilers, well fired, having a ratio of heating surface to grate area 
as large as 36, the temperature of the escaping gases rarely, if ever, 
falls lower than 75° above the temperature due to the steam press- 
ure, except when the fire-doors are open, and there is great and 
unusual excess of air admitted. Adding 75° to the temperature 
corresponding to 80 pounds steam-gauge pressure, 324°, we have, 
say, 400° as the lowest practicable temperature of escaping gases. 
This will be confirmed by the best practice under favorable con- 
ditions; and the actual temperature will range through a low 
average of 500° and a high average of 600° up to 800° or over; 
in some extreme cases going up to high incandescence, or over 
1,000°. 

How much of this loss ean be saved and returned to the fire? 
By the Marland plan of passing the gases after their escape from 
the boiler through thin passages, the thin walls of which are in 
contact on their opposite sides with air for supplying combustion, 
entering with a current flowing in a direction opposite to that of 
the gases, the final temperature of the cooling surfaces becomes 
that of the external air, say, as an approximate mean, 60° Fahren- 
heit, to which the temperature of the gases may be made to ap- 
proximate as closely as to the temperature of the water in the 
boiler, say within 75°, making their ultimate teinperature, on 
release, 60 + 75 = 185°. . This is not too hot for discharge through 
a Root blower, while it is too cool to give efficient draft in a 
chimney. At this temperature the ratio of irrevocable loss becomes 
one-fourth as much as at 300° above outside air, say, for double 
supply of air (100 per cent. surplus), 2.97 per cent. 

I have set the several ratios in an additional column at the right 
hand of Table L., column 8. Taking now the ratios of loss, with 
100 per cent. surplus air, from Table II., and subtracting from each 


one this final loss, we have  S 
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TABLE IIL. 


RATIO, PER CENT., OF SAVING TO BE EFFECTED BY 0. MARLAND’S SMOKE-COOL 
ING ATR-HEATER, AT 100% SURPLUS AIR SUPPLY. 


TEMPERATURES OF GASES ON ESCAPING FROM BOILER ABOVE EXTERNAL 
AIR. 


400 500 600 TOO” 800 


300° 


Miret loss ........ 5.! 3.7 | $1.68 


97 2.§ 2.97 2.97 2.97 


Actual Bf | 20.75 24.70 28.66 


It appears, then, that under ordinary circumstances from 16 to 
20 per cent. of the total quantity of heat produced by the combus- 
tion of anthracite coa! can certainly be saved and returned to the 
furnace by the Marland apparatus, judiciously arranged and pro- 
portioned ; that in no circumstances can such saving fall so low as 
10 per cent.; and that it will often be 25 per cent., and may, in ex- 
treme cases, reach 30 per cent. 

The rate of evaporation per pound of coal hits feed water at 60°, 
under 80 pounds steam-gauge pressure, say 324°, is certainly, ir 
general, below 8 pounds, Indeed, 8 pounds of ier steam is a fair 
result, 8.25 pounds a good result, 8.5 pounds very good, and 9.0 
pounds about the best usually attainable, being rather over 10,000 
thermal units, which corresponds to 69 per cent. of the full caloritic 


power of carbon, and is, for coal of five-sixths carbon, a high result. 


If we take, as we properly may, 8.5 pounds of water evaporated 
into dry steam of 80 pounds steam-gauge pressure from feed water 
of 60°, with one pound of anthracite coal of five-sixths carbon, as cor- 
responding to an airsupply of 100 per cent. surplus, and escaping 
temperature of gases of 400° above external air, the apparatus, in 
effecting a saving of 12.84 per cent., would add to the evaporation, 
say, 12.84 per cent. of 10.8 = 1.4 pounds, making (8.5 + 1.4) 9.9 
pounds; 10.8 pounds being the fu// evaporating power of such coal 
under the given conditions. To about this degree of efficiency, or to 
nearly or quite 10 pounds of water per pound of five-sixths coal from 
water of 60° to steam of 324° (80 pounds steam-gauge), this appa- 
ratus should be able to bring all good boilers, with whatever excess 
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of air, or at whatever (reasonable) degree of heat, the gases were al- 
lowed to escape from the boiler. Not only will this apparatus re- 
store to the furnace a large part—from four-fifths to eight-ninths of 


the heat otherwise inevitably lost ; not only will it serve as a “ heat- 
trap” to arrest and restore the loss otherwise inevitable by adimis- 
sion of cold air at the doors while firing and clearing out fires, and 
by the neglect or unskillfulness of tiremen—it will also, I have no 
doubt, increase the rapidity of combustion, and so enable complete 
combustion to be carried on with a smaller quantity of air, 7. e., 
with less excess over the quantity chemically necessary. 

It is true that by heating air from 60° up to 385° (that is, up to 
400° above the temperature of external air less 75° of final differ- 
ence), or from 521° to 846° absolute temperature, its volume will 
be increased in the ratio of these Jatter numbers, as 1 to 1.624, or 
about one to one and five-eighths: eight (8) cubic feet of air in the 
atmosphere will occupy thirteen (13) cubic feet in the pipes con- 
ducting it to the fire, whether above or below the grates. 

Of course its density is in the same inverse ratio. Thirteen 
cubic feet of the heated air (385°) must be admitted to the tire and 
to contact with glowing fuel, in order to introduce as much oxygen 
as would be contained in eight cubic feet of the cold air (60°). 

Equally, of course, the entering velocity must be greater in the 
some proportion, since the aggregate area of all the orifices through 
the grates and fuel may be regarded as constant. 

This has been urged, sometimes most strenuously, as an objection 
to heating air before its introduction to the fire. The objection 


seems to me to rest on a partial view of the conditions of air- 
admission. It may be conceded that cold air in necessary quantity 
will enter the ash-pit, and will pass through the interstices of the 
grates, with less velocity than will the same quantity of heated air. 
But in these passages the area is (or always may be) amply large, 
and the velocity moderate. It is also true that, on entering the 
lower stratum of fuel, the velocity of the heated air will be the 
greater. But the very first effect of the chemical union of any part 
of the oxygen with any part of the carbon is to heat the gases as- 
sociated with such oxygen—that is 


, its associated nitrogen and 
the atmospheric air yet containing its oxygen, together with 
the carbon dioxide resulting from such union or combustion—to 
the full extent to which the entire heat of combustion can raise the 
given mass of gases. This will be, approximately, the temperature 
of the furnace, a little modified, probably a little increased, by the 
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subsequent union of further portions of oxygen with new portions 


of carbon encountered during the farther progress of the mixed 
gases through the fuel, until they emerge, further de-oxygenated and 
further loaded with carbon dioxide, at the surface of the fire. If 
there is not, as there need not be, any carbon monoxide, the gases 
will be at their hottest and at their greatest volume on emerging 
from the surface of the fire. 

Any further admission of air will only cool them by dilution. 
If their temperature be now 2,500° Fahrenheit = 2,961 

2061 


their volume will be 591 = 5.7 times that of air of tempera- 


absolute, 


ture 60°, and B46 = 3.5 times that of air of temperature 885°. 
) 


Now it is the volume of the gases at their final emergence from 
the interstices of the fuel that determines their flow—determines 
the force of draft or blower required to produce that flow. The 
expansion, which of necessity takes place in the most confined 
space—namely, in the interstices of the fuel—acts equally in all 
directions. Although all in motion upward through the fire, its up- 
ward portion, being most expanded, is moving more rapidly than its 
less expanded lower portion ; and its expansive force, acting down- 
wardly, simply retards the upward flow of entering air. Lateral 
expansion aids in bringing fresh oxygen into contact with uncon- 
sumed carbon. Upward expansion aids, and downward expansion 
retards, the draft. Now it is plain that this effect must be the 
greater, the greater the degree of expansion which takes place 
within the interstices of the fuel. 

With air supply at 60°, it is 5.7-fold. With equal air supply (by 
weight), at 385°, it is 3.5-fold. 

This difference is in the right direction to compensate, as far as 
it goes, for the greater force required to introduce the heated air 
with its greater volume and higher velocity, and certainly does com- 
pensate for it to some extent. My impression is, that it exactly 
balances the initial resistance; that the diminution of resistance to 
final expansion is an exact equivalent for the resistance encountered 
on entering ; but this opinion is based on general dynamic consid- 
erations, and is not the result of special investigation. Certainly it 
cannot be far wrong. 


Of the higher resulting .temperature of the gases, there can be 
no question. 
Nor can it be questioned that combustion will be more rapid. 
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Carbon (a solid) and oxygen (a gas) unite at all temperatures — 
usually met. Anthracite coal wastes, in the open air, by slow com-— 
bustion—so slow that the resulting heat, which is exactly the same 


as if the combustion were more rapid, is dissipated by radiation | 
and the convection of the air, The rapidity of combustion is ang- — 
mented with the rise of temperature, and is very great at high incan- 


‘ descence. Now, the temperature of the oxygen is no less impor- 
tant than that of the carbon: the higher the sum of their temper- | 
atures, the more rapid their union, So far as the associated gases 
are concerned, their higher temperature only serves to communi- 


cate more heat to the mass, or (which comes to the same thing) to- 
abstract less from it. 


Combustion being more rapid—being carried on with greater 
avidity—it seems certain that a smaller excess of air will be prac-_ 


tically required ; and, although the Marland apparatus diminishes — 
the final Joss from excessive air supply, it does not entirely re move | 


it, since it must release the gases about 75° above the temperature 

of surrounding air. It also costs something to pass air through a ua 

blower or a chimney; and the less of it necessary, the better. 
Grates of ordinary form could not endure a temperature of 400 


or 500° in the ash-pit; but water grates are well known, and en- 


tirely available. 
This device of Mr. Marland is an application of the well-known 


nace, by means of appropriate apparatus, to the conditions of such : 


furnaces as those of steam boilers, and, if judiciously applied and_ 
worked out, should be as successful in its sphere as the Siemens 
furnace is in metallurgy. 

This apparatus is particularly well adapted to the combustion of 
anthracite coal, Prideaux justly savs (Zhe Economy of Fuel, 
edited by D. kK. Clark, New York, D. Van Nostrand, 1879, Part — 
Il., p. 211), “ The less the quantity of hydrogen present, as with 


anthracite, the greater will be the chance of being able to seize the 
economic advantages attendant upon the increased quantity of heat — 
attainable by the use of hot air, without having this heat so diluted — 
as to make the temperature inefticient.” 

There can be no doubt that the heat to be returned to the fur- _ 
nace would several times exceed that necessary to make the power 
required to drive the exhausting fan, to the operation of which the 
final temperature of the gases presents no objection. No damage — 
would probably be done to the plates of the air passages of this 
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apparatus by the heat of the entering gases in any admissible cir- 
cumstances. Such gases are usually received from the flues of re- 
turn-flue or return-tubular boilers, in plate-iron smoke-boxes, which 
prove as durable as other parts of the boiler and its appurtenances, 

The passages are so divided that each one is thin, and the ex- 
posed surface is large, so that the temperature would fall rapidly, 
and thin plates must prove durable. The use of an exhaust fan 
will produce an inward draft at all orifices or leaks, which will 
merely increase, in some small but probably insensible degree, the 
load on the blower, but will, on the other hand, keep the incoming 
air free from carbon dioxide and nitrogen, and the fire-room free 
from noxious gases. 

In the construction of new works the outlay for the Marland ap- 
paratus will be, or at least may be, largely offset by saving in the 
cost of a chimney. 

If this apparatus can be successfully applied to marine engines, 
the gain by reduction of coal cargo, and by the increase of paying- 
freight carrying-capacity, is too obvious to require comment, 

The arrangements for cleaning out the smoke passages seem to 
be convenient and efficient. The whole apparatus bears marks of 
thoughtful study, and seems to me to promise results worth some 
effort and expense to put to the proof of practical working. 
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TOPICAL DISCUSSIONS AND INTERCHANGE OF 
DATA, 

|NorE.—At the XIth meeting of the Society the plan was inaugurated of 
presenting topics for discussion without the formality of a previous paper. This 
feature of the meetings is in the hands of a special committee, and by them the 
following topics were introduced. | 

No. 184—1. 

Are welded boilers and flues stronger and stiffer than riveted 

work, and have they merits and defects which are not found in 


riveted work ? 


DISCUSSION, 


Mr. Roct.—1 do not know that I have much to say if I confine 
myself to the terms laid down. I have not had very much prac- 


tical experience in that matter. The welding is now done ina 
different manner from the way it was formerly done, by welding a 
short space at atime. It is a continuous operation by which the 
seam is subjected to a steady heat, the conditions kept uniform, 
and the seam closed continuously. All I have to say is, that it 
bids fair to be a very useful process in the production of eylin- 
drical work of all kinds. I think it can be applied with great 
advantage to the construction of steam boilers and shells for 


boilers. But so far as practical knowledge of the thing is con- 


cerned, I must say I am deficient in that. That is a matter that 
is to come in future. 

The President.—Was the welding done in a gas flame or open 
fire ? 


Mr. Root.—It was done by gas jets. 


Mr. Kent.—1 have had no experience in welding work of that 
kind.. Experiments are now being made at Mr. Rowland’s works, 


at Greenpoint, in welding boilers. They have built a furnace and 
apparatus for welding, but I have not heard that they have put 
it into operation. I might ask Mr. Holloway if we cannot dis- 
pense with both riveting and welding in making boilers and make 
them seamless as they are trying to do in Cleveland. 

The President.—Perhaps at some other meeting I will say more 
about it. 
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Mr. Green.—Does steel possess proper welding properties to 
enable it to be used to replace iron for boilers? A great many 
of us believe that steel is to be the material to make boilers of. 
But is not the difficulty of welding it something against it? 

The President.—Of course it is understood that in the new 
process of making steel, it is intended that the material shall be 
of a character to weld with all the freedom of iron. Whether 
that shall prove true or not, is a matter for the future to illus- 
trate. The more recent steel makers claim that they are pro- 
dueing a material which they ean weld with ease. But I believe 
that the tubes Mr. Kent refers to will be made out of plate, so 


there will be no welding required. 

Mr. Root.—I lave tried several brands of steel, and while I 
have been able to weld them al! suecessfully, some of them would 
crack. I used the pincer for closing the seam, which had to be 
kept cool with water, and a certain cooling would crack the steel 
when it had much carbon in it. I tried brands of steel very low 
in carbon, and it seems to me to weld much better than iron. It 
stands the heat better. Heating injures it less, I think, than the 
iron. Almost all low grades of iron, when you put heat on them, 
have a certain amount of slag in them, which is burned out and 
leaves the metal rather open and not so strong. But the low 


steel seems to possess full strength even after it is heated, and it 


does not seem to harden at all. 

The President—Did Mr. Root have the searf weld ? 

Mr. Root. No, sir. P| 

The President.—It is known that in welding iron the edges are 
upset for the purpose Mr. Root mentions, of allowing a wasting 
away of the material; and it is due to the fact that the material 
is not pure, that there is a wastage whenever the weld is made, 
and that it is necessary to get an upset edge for the purpose of 
having the full thickness of the metal after the weld is made. As 
I understand it, this making of shells without riveting is carried 
on now in England very largely, but I did not know myself of any 
place in this country where it had been adopted. 

Mr. Sweet.—It may not be generally known that the shells of 
the air tanks under the cars in the Westinghouse air-brake 
system are welded up and the heads welded in. The welding in 
of the heads, as they do it, is an operation worth seeing. The 
head with the flange turned out is forced in place and the tank 
suspended in a vertical position over the fire. When the two 
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exposed edges, which are to be welded, are brought to a welding 
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heat, they are grasped between two rollers, which being set in 
motion make the weld; the tank spinning around as the welding 
tukes place. 

Mr. Babeock.—-While IT was in Manchester last year I visited 
an establishment there—Sterne & Co.—which has recently been 
fitted up in quite an extensive way for the purpose of making 
welded boilers. A sheet is rolled into a hoop, perhaps thirty-six 
inches in diameter, and is then placed in their machine, and with 
one motion the longitudinal seam is welded, making a complete 
cylinder. Mr. Sterne told me that it was avery great success, but I 
have no means of knowing exactly what the difference in strength 
is between the welded and riveted seams. The roundabout seams 
were to be riveted, his plan being to weld up rings which were to 
be riveted together to make the shell. By welding a short length 
of the seams at a time, he could make rings five, or even six feet 
long. I know that welded boilers are being used considerably in 
England. <A large maker of upright boilers in Oldham, told me 
that they welded all their shells and welded in one head. The 
fire-boxes were welded complete, and the only riveting done was 
the bottom seam where the fire-box joins the shell. He said 
they found it much cheaper than riveting. 

As for the strength of welded joints on large sheets I have no 
definite data; but some experiments were made a short time 
since—this spring, in Jersey City—on some large welded tubes. 
They were twelve inches in diameter and about eighteen feet 
long, five-eighths thick, with heads welded in. There were six- 
teen of them made, and half of them gave out at eighteen hundred 
pounds pressure, which was less than half the supposed tensile 
strength of the iron. Many of them gave out in the weld, and 
some gave out elsewhere, but I am not able to state the par- 
ticulars, 

The President—We have in Cleveland a man who has invented 
a machine for piecing out boiler tubes. He has an apparatus by 
which he searfs them and welds them under rollers, similar to the 
method that Prof. Sweet speaks of, and makes an admirable 
weld. Can Mr. Walker tell us anything about the practice in Eng- 
land in regard to this matter? 

Mr, Walker.—So far as I know, in England they have been try- 
ing for some years with fair success in welding flues and boilers. 
I cannot speak of the recent improvements, but can say, that 
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eighteen vears ago William and John Yates, of Blackburn, Lanca- 
shire, England. made some very successful work with their flues for 
Lancashire boilers, which Figure 230 will illustrate. The sections 
«a, were made thirty to thirty-six inches in length, the longitudi- 
nal seam was welded and ends 
flanged outward as shown, with 


a large round corner for ex- 
pansion and contraction. The 
stiffening ring / was introduced 
at each flange securely riveted 
and caulked in the usual way. It 
is evident that by using short 


sections and consequently more 
flanges, the flue would be stiffer and less liable to collapse, and 
at the same time there would be provided more points for expan- 
sion and contraction. 

With reference to manholes, Mr. Babeock no doubt saw, when 
he was in England, that they made manholes of seamless wrought 
iron. A wrought-iron manhole is a very admirable thing, and 
ought to be taken up in this country. There have been many 
boiler explosions caused by cast-iron manholes cracking. Cast 
iron will not stand shrinking and expanding like wronglit iron, 
and English boiler makers have adopted the wrought-iron man- 
hole, and found it a great success. I am sorry to say that [am 
not posted on welded flues and boilers up to the present date. 

Mr. Purtridg —-I am unable to speak definitely in regard to 
this matter, but [ know that some parties, who have had the 
superintendence of extensive boiler contracts, and who have ex- 
perimented with long welded flues, found that they seemed to be 
too elastic and needed stiffening. They found it necessary to 
have rings riveted around the welded flues, or else specitied a 
riveted rather than a welded flue, in order to secure the necessary 
stiffness. They could give me no information in regard to the 
question of strength; but they were inclined to think that con- 
tinuous sheets for flues or boilers were not unalloyed blessings, 
even though no welds were employed to weaken them, and uni- 
form strength was secured. ‘They thought it possible that rings 
would have to be riveted or welded upon boilers made from single 
sheets in order to secure stiffness. They regarded long welded 
flues, especially those of large size, as dangerous, unless stiffened 
by suitable rings. 
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The President.—\t las been the practice on the western rivers 
for a great many years—the Ohio and Mississippi—that is, the — 
former practice; L cannot speak of late years—in making their 
two-flue boilers in which they carry steam from 175 to 180 
pounds, to make the boiler tubes of short sheets, and in that way a 
get in a great many riveted joints. I can remember when they 
were about twenty-six inches from center to center of rivets, and 
they all preferred to make the tubes of short sheets, and get the : 
double thickness at as many places as possible on the boiler, for 
the purpose of getting additional thickness to sustain them against 
tendency to collapse. J 


Mr. Kent.—It was kept up till two or three years ago, so far as — 
I know. I thought it was an old-fashioned prejudice. On the 
Mississippi they still stick to antiquated engines, pumps and 
boilers, and everything else, 

The President.—What to most of us may seem to be antiqua- 
ted in some places, as Mr. Kent remarks, is after all the result 
of a great many years’ experience. I know that it is the feeling | 


steamboat, that they do not know how to make steamboats out 
there. But the fact is, that the boilers, and the boats in use_ 
there, have grown up as the very thing best adapted to the coun- 
try and the circumstances, Of course in the first place it was: 
difficult to make darge sheets, and get sound sheets; but I think | 
the point was, to get short sheets and plenty of joints for the 
purposes stated. 
Mr. Babeock.—As is well known, many seams in shells exposed | 
to rupturing stress are a weakness and not a strength, but in flues 
to a collapsing pressure, the presence of 
: seams adds stiffness, by virtue of the double thickness at the 


seams serving as stiffening rings. Doubtless, therefore, the prac- — 
tice on western rivers, of multiplying such seams, has grown out 
of experience in the use of such flues, and is correct in respect to 
strength against collapsing pressure. Lap joints are, however, 
very objectionable in the fire-box portion of a boiler, because of 
the increased thickness for the heat to pass through, and con- 
sequent danger of burning the sheet. The desired stiffness is ob- 
tained in the best recent practice by the Fox corrugated tubes, 


which are largely used for furnaces in marine boilers. These are 
welded and then corrugated, so as to give great stiffness with no 
extra thickness, and the joints are made as few as possible. 
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Mr. Root.—Mr. Thos. F. Rowland is a neighbor of mine at 
Greenpoint, and I very often see his process in operation—and, 
by the way, he said he would be here to-night, but I do not see 
him. He makes some very fine work there in the way of tor- 
pedoes. They are made by turning out a flange and pinching the 
flange together in front of the furnace, and he also welds in all 
the bushings, rings and connections in a very Ingenious way. He 
makes very perfect work. He has also put up there a machine 
which some one alluded to for welding corrugated fire-boxes. 


I don’t think that has been in operation; | don’t think he has 
started it yet. LT saw the machine there; but I do not think 
they have welded anything with it. But he tells me that he is 
going into the welding business extensively. ‘That is the only 


place in this country that I know of where they seem to be tak- 


ing it up with very much vim, or seem to be doing much at it. 


He has put up very fine gas works there, and he is using 


water gas for getting his heat. He is welding his torpedoes now 


with water gas. Speaking of the strength of the longitudinal 


seams, it always seemed to me very hard to get a welded seam as 


strong as the iron itself, and in the pipe that I know most about 


the seam, instead of running longitudinally, runs spirally around 


the pipe; and even though the seam was not quite as strong as 


the iron, it being in a circular form would enable the seam to 


stand very much more than it would if it was longitudinal. 

The President—Is Mr. Rowland going to make tubes under 
the Fox patent ? 

Mr. Root.—That is what I understand. 

The President.—The plates are welded, and corrugated after- 
ward ? 


Mr. Root.—Y es. 
Mr. Oberlin Smith—Does not that stretch the iron ? ——s 
Mr. Smith.—-It does not draw the tube shorter / =) 


Mr. leoot.—No, sir ; I understand they are the same length. 
Mr. Stratton —What thickness of metal is used in this circular 
welded pipe ? 
Root.—I have not made anything very heavy yet; about 
No. 12 is the heaviest I have made ; but the difficulty diminishes 
as you go up in thickness. I have welded as low as No. 28 and 
made a weld that stood. 
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TOPICAL 


No. 184-2. 


_ What is the relation existing, as determined by experience, 
} between the surface speed of a bearing and the pressure which it 


will sustain ? 


things that no fellow can find out; it depends upon so many 


DISCUSSION. 


Mr. Babeock.—So far as my experience goes, this is one of those 
| 


other things. The same bearing will heat at one time, it will not 
at another. Sometimes it will heat when it is well fitted, and 
sometimes it will not heat when it is ill fitted. It depends also 
upon the way in which the pressure comes upon the bearing. A 
erank-pin will bear a great deal more pressure than a main jour- 
nal, for the reason that the pressure comes upon it alternately, 
first upon one side and then upon the other, in such a way that it 
allows the lubricant to get in between the surfaces. [ have found 
a very marked difference between the crank-pin and the main 
journal. The condition of the surfaces has a great deal to do 
with it. I have known a journal which was fitted most perfectly, 
with the utmost care, to heat, so that it was almost impossible to 
run it, and then a man who went entirely by the rule of thumb 
would put in a box fitted with a file, and not half fitted at that, 
and the journal would never heat afterward. I once had an en- 
gine in Milwaukee, a 24 x 48, running 75 revolutions with a high 
pressure of steam, and the cross-head would heat. It had a very 
large surface of brass working on cast iron, much larger than is 
usually allowed, and still it would get very hot. The engineer 
thought there was nothing so good as rawhide for such a place as 
that, so he put on a rawhide face. He took the gib out, and with 
a cold chisel made it rough as a rasp that it might hold the raw- 
hide. It did not run many revolutions before the rawhide was 
out, and, as the mill could not stop he screwed the gib down to 
its place without the rawhide and it never heated afterward. 
There are so many things entering into the conditions that I think 
it would be impossible for anybody to state a rule which would 
work under all cireumstances, or even a reasonable number of 


circumstances. 

Mr, Towne.—Possibly this question comes to us by reason of 
our proximity to the ocean, where we have heard a good deal lately 
of a certain sea-monster {the U. 


, with heated jour- 
nals and other difficulties. But it seems to me that the trouble 
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with the question is that it covers too broad ground. In the first 
place, the behavior of a journal is dependent more directly upon 
the lubricant used, and the conditions under which that lubricant 
is introduced, than upon almost any other one condition ; and 
the practice that may be right for light shafting, running at high 
velocities, will not apply without modification to marine engines. 
Locomotive practice, again, is quite different, and so on. 

Mr. Hami/ton.—In two or three instances [have had experience 
with well-titted journals heating. After trying every other experi- 
ment I could think of, I have draw-tiled them a little and the file 
marks served as buckets to carry the lubricant under the journal, 
and there was no trouble afterward, 

Mr. Bancrott.—1 have had the same experience as Mr. Ham- 
ilton. With bearings very finely fitted [ found they could be 
made to run cool by taking fine emery paper and laying the grain 
lengthwise of the journal, so that these slight seratches would 
earry the oil over the surface. 

Mr, Durtee.—1 have used with great satisfaction, in a number 
of instances, for shafts from 10 to 14 inches in diameter, bearings 
whose “brasses” were hollow, and through which water ciren- 
lated ; the “ brasses” being connected to an elevated reservoir by 
means of a suitable arrangement of pipes. If there was any dis- 
position to heat, the water was turned on the bearings, and in 
that way they were kept cool and the water did not mix with the 
lubricating material. In a number of heavy rolling-mill engines 
I fitted the main shafts with bearings of this kind, and in every 
case they gave great satisfaction. 

Mr. Towne.—I would ask Mr. Hamilton if the grooves he made 
were longitudinal or circumferential. 

Mr. Hamilton.—Longitudinal. It seems that a journal can be 
so well fitted that it would be better if it was not quite so well 
turned, so that the lubricant ean get between the two surfaces. 

Mr. Towne.—There is another kind of tight fitting we all find 
trouble with occasionally, and that is the too close fit of the en- 
gine shaft lengthwise in its journals. In one case that came under 
my notice, by turning off the collars of the shaft so as to give 
about one-eighth of an inch end-play, and obtaining actually 
about one-sixteenth of an inch with corresponding lap-motion in 
the journals, the heating entirely disappeared, and the journals 
be ‘ame beautifully polished and ran with entire satisfaction. 

Mr. Oberlin Smith.—I have found that an excellent thing for 
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keeping journals from heating and cutting is to give them a 
scraped fil, just the same as we give to slides of various kinds. I 


have used a good many steel-casting shafts for heavy pressures, 
and sometimes when the boxes have been smoothly bored, and 
the shafts nicely turned, they have heated and got to cutting 
when not seraped. Of course the principal advantage of scraping 
is that we get a bearing all over the surfaces, and the pressure is > 
therefore distributed throughout the whole journal instead of hap- 
pening on one-half or one-quarter of the surface, as is often the 
case.” But it just oceurred to me, since the gentleman spoke of 
draw-tiling his shafts, that perhaps there is virtue in the little 
“spots” of which the final bearing consists. The rest of the sur- 
face does not really touch, and in this case the general bearing is 
very nice, but at the same time there are all the cavities between 
the spots, caused by the scraping, which very probably serve to 
hold the oil better than would a perfectly smooth surface. 

Mr. Neut—The question may be answered in this way. The 
surface speed allowable for a given pressure will increase with the 


pressure, or it will decrease with the pressure, or it is Independ- 


ent of the pressure. It must be answered in one of those three 
wavs—either the pressure must be decreased as the speed is in- 
creased, or the pressure must be increased as the speed 1s in-— 
creased, or the pressure is independent of the speed; and I do 
not think we have had any answer to-night to show which of these 
is true. 

Mr. Walker.—I1 wish to call the attention of the members to a 
bearing which was gotten up some years ago in England to over- 
come a great difficulty with a very heavy upright shaft. Figure 
231 is an illustration of the bearing; @ is the base or footstep ; 


ob is the vertical shaft, 9” in diameter ; ¢ is a steel toe: d,d, d,are 


bronze dises; e. e, are steel dises; g Is an inlet pipe, and / an 
pipe, 


outlet pipe for a steady flow of water through the annular space 
shown ; 7 is a hydraulic pressure pipe which has a constant press- — 
ure applied through pumps and accumulator. 


This bearing was constructed for a large cotton mill in apace 
Laneashire, England, called India Mill. It was six or seven — 
stories high, and like most of the mills in that country, was geared — 
with massive gearing, a vertical shaft being employed with a pair 
of bevel gears at each floor, This shaft was 9" diameter at 
bottom, and finished with a five-inch diameter shaft at top. — 
Altogether the weight of shaft and gears was very excessive. They _ 
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tried several plans to make a footstep that would not heat, and 
finally adopted this one. ‘The idea was to get hydraulic pressure 
on the bottom of the shaft hy means of hydraulic pumps and ac- 
cumulator, and provide a stream of cold water in the annular space 
so as to cause circulation and to cool the bearing. Whatever 
pressure was needed on the end of shaft was got by regulating 
aecumulator and pumps, the shaft being relieved from the bear- 
ing to that extent. The use of the dises of different metals was, 
as you will understand, to prevent the surfaces from cutting, and 
at the same time, if one dise should cut, any one of the others 
could begin to operate. IT know of no bearing of this kind so 
large and at the same time so successfully applied. The work 


for this mill was made by William and John Yates, of Blackburn, 


FOOT STEP 


c 


Lancashire, England, and was superior in all its appointments. 
I think this is a very good example of a large piece of work, and 
although not to the point in the query, seems a very good exam- 
ple of what has been accomplished in bearings. 

Mr. A. H. Eine ry.- The intricacy of this question has been 
mentioned by one or two members, and to show how much there is 
in the subject I will mention one instance that occurred in my 
experiments, and that is, in regard to the condition of the sur- 
face. This was a case where I was using hardened steel on non- 
hardened steel. By merely changing the condition of one of those 
surfaces which was running on the other, the co-efficient of friction 
was changed from thirty per ceut. to less than three per cent. 
That was under very high pressure. It shows how very extensive 
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is the range of the answers that may be given. By changing the 
surface that was ground on a fine solid emery wheel to the fine 
finish produced by a polishing wheel, the co-efficient of friction, 
with the same pieces of steel, and the same pressure per square 
inch, was reduced with same lubricant from over thirty per cent. 
to less than three per cent. But I should add that this was with 
extreme pressures, some of which were more than 50,000 pounds 
to the square inch. 

I might relate a similar experience in regard to the friction of a 
step bearing, which came under my notice during the course of 
some experiments upon the efficiency of worm-gearing. 

The thrust of the worm was carried by the end of its shaft on 
hardened steel faces, about three inches diameter, carefully ground. - 

The end of the shaft had cross grooves, and oil was supplied at 
the center of the step from a large reservoir through which a cir- — 
culation was kept up. But these surfaces cut repeatedly, and — 
especially at high speeds, so that for a time no satisfactory results — 
could be obtained. Finally it was suggested that a brass washer 
should be interposed between these faces, and this proved to be 
an effectual remedy. 

At the end of a long course of experiments, this washer was 
found to be in perfect condition, having been subjected to pressures 
ranging from 200 to 6,000 pounds, and to speeds from 3 to 900 — 
revolutions per minute. 

I may add in regard to the worm itself, which was 4 in. diame- 
ter, and immersed in oil, that its liability to cut appeared to de- 
pend on the speed and pressure, but to a greater extent on the 
speed than on the pressure. The highest efficiencies were ob- 
tained at a surface velocity of about 200 feet per minute. 


Below this speed there was no evidence of cutting at any 
pressure, but at 900 feet per minute it was found that the worm — 
was liable to seize under the lightest load, and the conclusion was 
reached that a certain maximum speed existed, at which the— 
greatest amount of power could be transmitted without danger of | 
cutting. 


Mr. Hawkins.—While not exactly germane to the question as 


formulated, I notice there has been a tendency in the remarks of 
several gentlemen to show that journals do a little better when 
they are not well fitted. I would like to mention our experience 
a little in that direction. In the manufacture of cylinder printing 
presses, our company have adopted the plan for many years of | 
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making the impressicn-cylinder shafts of cast iron, cast solid with 
the cylinders. We have found by experience that a cast-iron 
journal in a cast-iron box, for this purpose, gives the very finest 
results ; but we find also that the more accurately they are fitted 
the better is the result in every case. I doubt very much if draw- 
tiling of such a journal would be of any value. In fact, I am quite 
certain it would be a detriment to it. The only case in my knowl- 
edge in ten years where these journals have been abraded is where 
they have been ill-fitted ; and we have never had a case where the 
journals have been properly fitted but that they have given good 
satisfaction. 

Another point, perhaps, in connection with that is the point 
made by Mr. Babcock, that these cylinders run under much the 
same conditions as the crank-pin of a steam engine ; that is, they 
receive intermittent pressure, and to that may be due their sue- 
cess to some extent. They may be large in diameter, but the 
pressure while it does last is very severe in some classes of these 
machines. But it has been invariably the case that the better 
they are fitted the cooler they run and the less trouble they give. 
I think that this may be almost considered as an axiom in regard 
to any bearing, notwithstanding the rawhide instance. 

Prof. Sweet—One who is discussing this question lays himself 
open to the query whether he knows what “ well fitted” means. 
If it is to be believed that cast-iron boxes and steel journals, and 
‘ast-iron boxes and cast-iron journals will run well if only fitted 
with ordinary care, | would advise any one, if he wishes to profit 
by my experience, not to try it on a steam engine. Get two or 
three hundred revolutions a minute, and I think it will not work. 
I have tried it. 

Mr, Stratton.—The question presented suggests to me some 
practical experience on this subject. Up to a very few years ago 
it was a custom with marine engineers to run brasses loose, with 
some play between the boxes, and key them up according as you 
wanted them to fit more closely to the crank-pin. Under those con- 
ditions trouble was frequently had from hot erank-pins and hot 
boxes. The later practice is to run the brasses bound ; or “ brass 
and brass,” which renders it impossible for them to be keyed 
too tight on the pin if properattention is given in fitting them. 
The practice now is when a ship comes in from sea the main 
journal is disconnected and a piece of pure tin or lead is put in 
the journal, and the bearing is keyed up to see just what the 
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clearance is or what the wear has been for the voyage, and a 
certain minute amount of clearance is then left in the journal for 
expansion of the pin, and this I believe is the practice with all high 


speed compound engines we now have running on the coasts. As : 
has been previously stated the condition of the pin is a very im- 
portant matter. In a certain instance in a large marine engine 
we had trouble with a hot erank-pin, and I found the pin was _ 
originally poorly forged; there were a number of slight surface 
flaws in it. In this case we went to work and hammered it well 
witha flat faced hammer, and then went over it with a file and- 
filed off the high spots made at the edge of the hammer marks. - 
The hammering had the effect of closing up the pores and flaws — 4 
of the iron, and the flat spots made with the hammer allowed the 


circulation of the oil to overcome the difficulty we had previously — 
experienced from heating. 
Mr. Durfee.—I desire to call the attention of the Society to the — 
construction of a bearing for sustaining the weight of a vertical 
revolving shaft, which has been found to be very satisfactory in — ; 
practice. The construction is shown in Fig. 221, which represents 
a vertical section of the shaft and the bearing. The bearing and 
footstep are supposed to be formed of cast iron, with an oil well. 
Directly through the center of the support B, on which the shaft 
S revolves, a vertical hole H is drilled, intersecting a horizontal 
hole I. On the end of the vertical revolving shaft S there is a_ 
groove F, cut right across the center of the shaft. The oil well _ 
being full of oil, as the shaft S revolves the centrifugal force — 
tends to throw every particle of oil out of the groove F. The— 
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consequence is, that there is a continual circulation of oil through 
the holes H, I, and the groove F, being cut across the shaft, dis- 
tributes the oil over the upper surface of the shaft support B, at 
every revolution. 

There was another method used in a mill in Boston, many years 
ago, for supporting a vertical Shaft which carried a horizoutal tly- 
wheel weighing, I think, about twenty tons. The rim of that wheel 
was supported by a number of tie-rods that were attached to the 
upper portion of the shaft. The rim of the wheel revolved hori- 
zontally over a train of rolls. The weight of the fly-wheel and its 
shaft was sustained on an hydraulic bearing, using oil as the fluid, 
and if there was any evidence of settlement more oil was pumped 
into the bearing. The fly wheel ran at a very high speed. It was 
in use for many years—in fact, until the mill was removed—and 
worked with entire success. 

Mr. Babcock.—This is one of those questions in which it is very 
difficult, if at all possible, for one to fix a limit of pressure with- 
out also establishing a corresponding limit of speed. I mentioned 
the instance I did, simply to show that what would work at one 
time would not work at another. I think it has been sufficiently 


demonstrated here to-night, that the important element is to get 


the lubricant between the surfaces. That was the whole secret of 
the rawhide arrangement, of the draw filing, and of the various 
other methods which have been mentioned. The instance referred 
to by Mr. Hawkins gives us one exammle of a very slow running 
bearing under occasionally heavy pressures—that is, heavy press- 
ure for a portion of the time and pressure reversed for the rest 
of the time—working very well with a perfect fit; the same bear- 
ing, if it had a constant pressure in one direction with the same 
perfection of fitting, would not last anything like the same time, 
because the oil would be squeezed out from between the surfaces. 
I have made many experiments, years ago, as to the pressure per 
square inch allowable on a bearing. I found that in crank-pins 
with good fitting, I could allow as high as 1,200 poiinds maximum, 
to the square inch; pins, perhaps four to six inches in diameter, 
running up to 60 or 70 revolutions, would stand that continuously, 
without getting warm. The main journal of the same engine 
would not stand over 300 pounds to the square inch without get- 
ting warm. And [ repeat again, that it is a question of keeping 
the oil between the surfaces; if that is secured we can carry a 


much higher pressure than if it is not. rene 
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Mr. 


Walker.—Did Mr. Babeock in his caleulations use a circle 


or less than a cirele ? 
Mr. Babeock,—T figured it on a section of the pin ; the diameter 
: multiplied into the length. I considered that the area. 


Mr. Hamilton.—There is one element that we are all omitting, 
which should be considered with the practical working of a jour- 
nal—the ability the parts possess for absorbing or carrying off 
the heat that is being constantly produced while in motion. This 


is an additional factor and a very important one. 

The President.—Mr. Towne states that where the journal is just 
fitted in between the collars of the shaft, that the least amount of 
heat imparted to the box, would immediately expand it length- 
wise, and nothing starts a crank-pin to heating quicker than to be 
tight on the collars. Mr. Hawkins, perhaps unintentionally, car- 
ried out the same idea advocated by these other gentlemen. Cast 


iron is more cellular in its structure, and you cannot get as smooth 


a surface on cast iron as on wrought iron. The east iron will 
have cells in it, in which the oil would be carried around with the 
shaft. 

— 

a tate to No. 184.—3 - = 


we 


Can any one give data about steam heating of buildings from 
heating plants in successful operation, including amount of boiler 
capacity, sizes of mains and returns, amount of radiating surface, 
its arrangement if indirect, amount and nature of ventilation, 
temperature maintained in zero weather, coal consumption, water 
evaporated, and amount of space heated ? 


DISCUSSION. 


Mr. Towne.——There are two or three of these questions to which 
I can give a brief answer. Some four or five years ago, in designing» 


with my friend, the late Robert Briggs, the heating system for a_ 
large group of new buildings, these questions came up, and they 
were treated in the following general way as to the points in-- 
quired of. 

The system of heating was by exhaust steam and live steam, em- 
ployed in two separate series of pipes carried together throughout 
the buildings. The design contemplated the heating of the rooms 
to from 60 to 70° F. in the coldest weather, and it was assumed 


that one square foot of steam surface, one-half of it live and one-— 
55 
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half exhaust steam, in horizontal pipes, would heat 150 cubic feet 
of space on an average, making judicious allowance for wall 
and window exposure and other variable conditions. The gen- 
eral rule adopted empirically for determining the sizes of pipe for 
steam mains and returns was that for each 100 square feet of 
heating surface in coils or radiators, the cross-sectional area of 
the pipes should be : 

For exhaust steam .24 of a square inch plus a constant of .25 of 
a square inch ; 

For live steam .12 square inch plus .25 square inch ; 

And for the condensed water, .06 square inch plus .25 square inch. 

The President.—The time is up. 

Mr. Green.—I1 will give Mr. Towne my time if the President is 
willing. 

Mr. Towne——The extent of heating surfaces shall be deter- 
mined, where they are other than horizontal pipe, as follows: It 
shall refer to the actual measurement of the external surface of 
any steam-heated pipe, tablet, fitting, or hollow object, and of 
any pins, ribs or plates solidly attached thereto, when it shall be 
accepted that 85 percent. of the vertical surface and 80 per cent. of 
all surfaces having pins, ribs or plates as a part thereof shall be 
estimated as equivalent to plein horizontal tubular surface, which 
is deemed the standard unit of surface to be furnished under this 
specification. 

Mr. Kent.—1 think Mr. Towne should be censured for having 


kept that valuable fact in his possession for four or five years be- 


fore he presented it. Mr. Babcock has a page in a pamphlet 
which he has just issued in which he has condensed into the 
smallest possible form the existing knowledge concerning heating 
by steam. I know that he spent months on that subject trying 
to get data from every source, and he did not have Mr. Towne’s 
data, but if he had it, he might have made some change ; asit is, he 
arrives at this new rule-—the radiating surface may be calculated 
by the rule : “ Add together the square feet of glass in the win- 
dow, the number of cubic feet of air required to be changed per 
minute and 4; of the external surface of wall and roof, multiply 
this by {the speaker read the rest of the rule]. In regard to cubie 
feet of space to be heated, Mr. Babcock says cubic feet of space 
has little to do with the amount of surface required. 

Mr. Barrus.—I would like to ask Mr. Towne if I understood 
him rightly to say that for 100 square feet of radiating surface the 
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return should have an area of .06 of a square inch plus .25 of 
square inch ? 

Mr. Towne. —Y es, for each 100 square feet of surface the multi- 
plier is the first stated decimal, and the constant, to be added, is 
the second. 

Mr. Barrus.—-\ would like to ask in regard to 80 or 85 per cent. 
of radiating surface ? | 

Towne. 80 or 85 per cent. of the radiating surfaces other 
than plain horizontal tubes. I will read the specitication again. 
“When it shall be accepted that 85 per cent. of vertical sur 
face, and 80 per cent. of surface having pins, ribs, ete., shall be 
estimated as equivalent to plain horizontal tubular surface.” That. 
is to say, if you have one hundred square feet of vertical tube, you 
-only estimate 85 feet of that as available for heating. 

I wish to add just one word more, viz.: that in the range of 


buildings covered by this specification the overhead system of 
heating was adopted throughout. Three years’ trial of that proved 
so absolutely satisfactory that at considerable expense the old 
system of heating has been taken out of other buildings and re- 
placed with the overhead system. 
Mr. Babcock.—I have in this pamphlet, that Mr. Kent referred 
to, a rule which I got from Mr. Briggs which is very simple—the 
_ diameter of mains leading from the boiler to the radiating surface 
should be equal in inches to, of the square root of the radi- 
ating surface in square feet, mains included ; which is equivalent 
to saying that the area of the mains in square inches should be 
; about 8 per cent. of the radiating ace ace in square feet. 
Partridge.—\t is very easy to destroy entirely the efticienc 
‘ of the overhead method of heating, by an improper arrangement 
of the pipes. In a factory recently erected on Long Island the 
q steam fitter thought he understood the whole subject perfectly, and 
he put the overhead pipes so close to the upper corners of the room 
that the heat was mostly expended in warming the external air. — 
So effectually did they expend their heat in that direction that 
the building was cold, and the whole system was taken down 
and rearranged under the windows. The pipes were first put up 
about 18 inches from the roof and as many from the outside 


wall 
q Mr. Durfee.—1 would like to ask Mr. Towne where that system 
of overhead steam heating was first applied to any great extent ? 
Mr. Towne.—I think it was in the cotton and woolen mills of 
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New England twenty-five years ago and more, but with cast-iron 
pipes. The system that I refer to is entirely of wrought iron, the 
unit for radiating surface being one and a quarter-ineh pipe. 

My. Walker.—The Cummer Engine Company, of Cleveland, tried 
the small pipes (say one and a quarter inch diameter) system over- 
head ; it did not prove successful, as the first floor was never warm. 
The overhead system was abandoned last year and pipes put 
under work benches near the tloor. The cotton mills in England 
are heated with five-inch thin cast-iron pipes overhead. [ would 
like to know if the overhead system can be made a thorough 
success, that is, if the ground-floor can be made comfortable. 


Mr. Towne.—- Most certainly. The subject seems to elicit so 


much interest, that I will state this: I adopted the overhead system 


in heating a one-story building, eighty feet in width by three 


hundred feet in length, with a center bay having side sashes its 


whole length, and with an unusual amount of glass and exposure ; 


these conditions and its great height making it very doubtful, 


indeed, whether the overhead system would so fill the upper part 


of the space as to overtlow down into the lower part and properly 


heat it, and as it was an experiment that I ventured on with a 


= 


great deal of diffidence, | made provision in my plans for putting 


in floor radiators in ease the overhead system failed to operate 


fully. It has now been in use two winters, and the floor radiators 


have not been put in and will not be. 
- Mr. Geer.—1I would state that we have at the Cambria Works, 
in our machine shops, a floor sixty-five feet in length by thirty 


feet in width, and it is heated by this system, and it has worked 


very successfully for two years. 
Mr. Durfee-—As an evidence of the efficiency of overhead 
heating, | know of a shop in Philadeiphia where it has been in 


operation with entire success for at least thirteen years, and I do 


not know how much longer. 
Mr. Partridge—The success of the heating arrangements in 


Mr. Towne’s shop I tested very satisfactorily to myself three 


winters ago. I took the temperature at the floor level and six 
feet above. In the crane shop six feet from the floor the tem- 
perature was 70°; at the floor 60°. Inthe packing room six feet 
up 69°; at floor 65°. Drawing room six feet up 72°; at floor 72°. 


- In one case through some change of condition I found that the 
thermometer stood at 68°, two feet from the floor, but promptly 
rose to 69° at the floor level. Im most of the rooms the difference 
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in temperature of the room between the level of a workman’s head 
and his feet was only one degree. The greatest difference which 
I found in any room was 4°. In one case the temperature was 
the same at the floor and anywhere in the room up to six feet. 
One of the rooms had no machinery in it, and would have been 
considered extraordinarily difficult to heat by any other system. 

Mr. Woodhury.—In. the practical application of overhead heat- 
ing the pipes are hung upon horizontal racks, generally three 
feet from the walls and three or four feet below the ceiling, vary- 
ing according to the height of the room. As far as L can learn in 
early times the first steam-heating pipes were of cast iron and 
about six inches in diameter. That gave a concentrated amount 
of heat upon the heads of the help, which was injurious and did 
not have any redeeming features. The mount of inch and a 
quarter pipe required for heating mills is about oue foot in length 
for about every ninety cubie feet, although there is a wide range of 
differences caused by the character of the machinery, both in 
respect to the amount of the air circulated by the machinery, and 
also the aid to warming the room by the friction of the journals. 
In frame spinning rooms in cotton mills the rooms are heated 
with about one-third the pipe required in some other rooms. 
At one time, in the desire of learning the measure of suecess 
of these overhead pipes in their practical application, letters 
of inquiry were sent to those using elevated steam-heating pipes, 
the southern one being in Maryland and the northern one in 
Canada. Of the forty answers received thirty-eight were favor- 
able; two were unfavorable. Of those unfavorable answers 
one was where large cast-iron steam pipes were used in a rather 
low attic room. At the present time they are using them even 
in the rag-sorting rooms of paper mills, where there is no forced 
circulation of air by machinery. 

Mr. Babcock.—There is a point that might be of interest in this 
connection, which is, that steam heating is not new. When I was 
at Pompeii I found the old Roman baths there were heated by 
steam, and heated in a better and more scientific manner than we 
use at the present time. The walls were double, and the steam, 
of course not above atmospheric pressure, was carried up through 
these walls all around the room—the hot room—the walls being 
thereby heated to a temperature approximating that of steam, 
and the occupants of the room were exposed to a radiation from 
all directions upon their persons. That is the true theory of 
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heating, and the reason why overhead pipes are successful. 7 
Every body—when I say “body” I do not necessarily mean 
human persons—every body is radiating and receiving heat at all 
times. Heating or cooling is only a question whether or not it : 
radiates more heat than it receives. If you radiate more than 
you receive, you feel cold and are growing colder; if you receive 
more heat than you radiate, you are warm and growing warmer. 
So if you put yourself in a position where you receive ample - 


radiant heat from all sides, then you are comfortable, even if the 
surrounding air be very cold. This is the reason old-fashioned 
fire-places make a room so comfortable. The system of steam 
heating by “indirect radiation” or heating the enveloping air 
only, the method commonly in vogue, is unscientific, expensive, 
and uncomfortable. 

Mr. Durfee-—Some years ago I heard the late Joseph Harri- 


son, Jr., of Philadelphia, deliver a lecture before the Franklin In- 
stitute descriptive of his own boiler, and in the course of his re- 
marks he said, that he had seen in the museum at Naples a boiler 
substantially of the same construction as our modern upright 


tubular boiler; this boiler was found at Pompeii, and was made 


of copper. 


What is the linear speed at which toothed gears may be driven, 
and what is the relation thereto of pitch of teeth and their work- 


manship ? 


DISCUSSION, 


Mr. Walker.—The highest speed in gearing, that I have recent- 
ly heard of, is that of several large gears built by George H. 
Corliss. In one case the main gear was nearly 30 feet in dia- 
meter, 216 teeth, 5.183 inches pitch, 24 inches face, making 45 
revolutions in a pinion of nearly 10 feet in diameter, 72 teeth. 
The speed on pitch line of these gears will be about 4.200 feet 


per minute. 

Gears of the same size are being built for another place, with face 
30 inches wide and 50 revolutions for main wheel. The speed on 
pitch line of these gears will be about 4,666 feet per minute, a 
speed I think surpassing anything of the kind attempted before. 

Mr, Kent.—1 would like to know if the engine at Pullman, Ili- 
nois, is not run at a higher speed than that? 


- 
No. 134—4. 
= 
3% 


863 


TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA. 


Mr. Walker.—The engine at Pullman, Illinois, makes 36 revo- 
lutions per minute, making speed on pitch line of gear 3,360 feet 
5 

per minute. This engine, with same gears, while at the Centen-— 


nial Exhibition was run at same speed, 


Mr. Davis.—| suppose this gearing was cut gearing, was it not? 
Mr. Walker.—Yes, sir; and both gears were iron. 
Mr, Davis.—I will mention some gearing that our shops have 
put up at Mahanoy Plains. The wheels are about 15 feet in dia- 4 
meter, and 6 inches pitch, and 18 inches face, dry sand castings, 
and they are running at 2,700 feet a minute. They are transmitting 
about 1,600 indicated horse power, and have a very severe strain 
on them from the fact that driving is done by a figure-eight - 
rangement of wire rope, two and a half inches in diameter. 

Mr. Sweet.—In the attempt to run a train of experimental rolls 
for rolling wire, by belting direct, it was found that when the belts 


attained a speed of about 6,000 feet per minute, they would leave 
the pulleys, and increasing the speed did not increase the speed 
of the pulleys. Although the belts were of the best and put on at 
a tension closely approaching their ultimate strength, they would 
be thrown out by centrifugal force so as to leave the pulleys en- 
—tirely, and the rolls come to rest. 

By the substitution of gears with a driver 2 feet in diameter, 
driving a pinion 3} inches diameter, 2 inches face and 4 pitch, 
the rolls were driven without trouble at the speed of fully 6,000 
feet per minute. 

It was estimated that the belts to do the work must run upon 
pulleys twice the diameter of the rolls, while in the case of the 
gear-wheels the size of gear, on pitch line, is equal to the diame- 
ter of the rolls only ; the gear-wheels are of steel castings and the 
pinions machinery steel. 


No, 184-5.—No. 184-6. 
What is the best method of keeping catalogues and pamph-— 
lets for ready reference ? 
What is the best method of arranging contents of note-books 
and making data readily accessible ? 


DISCUSSION. 
Mr. Thompson.—tI would say that I proposed the fifth question 
because I have had ecusiderable trouble in trying to preserve 
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catalogues. I tried the method of binding them up into volumes 
irrespective of subject, but classified according to size—I found 
that that does not work very well. I have some ten or twelve 
volumes that way, and when the manufacturers issue later edi- 
tions the other editions are of no sort of value. I have tried 
keeping them in separate pamphlet cases, but they get lost and 
misplaced, and altogether it is a very serious question to a man 
who wants to keep posted. 

Mr. Nent.—I think the best method is the Amberg letter file, 
or something of the sort; there are other files of the same make, 
such as the B. B. file. 

Mr, Davis.—Yo overcome one of the difficulties in the system, 
instead of binding them in a permanent binder, you can take 
such a binding as Lngincering is put in. You take your pamphlet 
and tie it in with the cords, and you can take out or insert a 
pamphlet in that way at any time from the back or front or 
middle. It gives you the advantage of keeping pamphlets of the 
same size in one volume. You have got to have a card index in 
order to find them under any system. 

Mr. Partridge.— I recently came across a little dodge for keep- 
ing files of pamphlets, papers, manuscripts and similar things, 
which, while it does not call for elaborate preparation, enables 
one to pile up on a shelf any number of pamphlets and to take 
any one out which may be wanted and put it back in its place, 
and to know at a glance whether any one is missing or out of 
place. A tag is made of the form and size shown. They are cut 
from cloth-covered envelope paper. ‘Tracing linen also answers 
very well. It is made of this peculiar form so that it can be 
pasted in the middle of the pamphlet or circular without inter- 
fering with the reading matter. When it is put on the pamphlet 
it is bent down so that the number is in sight and the pamphlets 
are piled up then as many as convenient. If you wish to classify, 
on the lower pamphiet in the pile, a broad tag of the same gen- 
eral form is placed with the name of the class upon it, and that is 
called one, then the others are numbered right up. I have a 
stack at home two feet long and twenty inches deep containing 
twenty-two subjects. It is perfectly easy to take out the whole 
or any one of them by putting your hands in top and bottom, so 
that it is equally easy by referring to the card catalogue to take 
out any particular pamphlet, even though it be as thin as three 
sheets of paper. Maps go in there and are quite as easily re- 
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ferred to as Brown & Sharpe's catalogue, which is half an inch in — 


thickness. 
Mr. Thompson.—1 would like to ask Mr. Partridge if those tags 
will not lap over each other and hide the numbers ? 


Mr. Paurtridge.—You simply run your finger up and you can — 
' see every number in the pile. It is also well to put tags on 

the opposite corners; that is, turn some of the pamphlets 
upside down and bring the tags on the opposite side of each — 
pile: 
Mr. Towne.-—1 presume I am heretical in being an opponent of — 
the card system, and in saying so notwithstanding that we have ~ 
a member of the firm of William Sellers & Co. here. I have found 
in my own experience nothing better than to have a reasonable 
umber of books, of moderate size, with a title on the back, and 
to have these books indexed alphabetically through their whole 
thickness, the letter A having perhaps ten pages, B twenty, and so 
on, so that you can run your finger down the edge and pick out 
any letter. Under the alphabetical head in the proper book I 
enter the particular report. Occasionally one may be a little at a 
loss to know which letter you have put a given topic under, but 
at the most there are but two or three to look to and you very 
quickly get the one you want. 

Mr. Smith.—I would like to ask Mr. Towne if he writes all his— 
memoranda in these books; that is, temporary memoranda that 
he may have have taken outside of his oftice. 

Towne.—If they are brief I write them ; if they are news-— 
paper cuttings I paste them in. 


Mr. Woodbury.—Every person can logically consider that his 
system of keeping memoranda is the best, because it is the best — 
for his needs. My plan consists of a number of letter-file cases, 


some of them containing letter files, and also a set of letter files 


filling several cases for the purpose of holding general corre- 
spondence. Most of these boxes are used as pamphlet cases for 


material bearing upon a certain subject ; when a pamphlet refers 
to more than one subject, a reference: slip is placed in the other 
case. I have a number of sheets of stiff Manila paper cut to fit 
these boxes, and upon them I make notes and stick clippings after — 
the manner of a scrap book. In this manner I am enabled to 
have correspondence, notes and pamphlets bearing upon a sub-— 
ject in convenient relations to each other. For a pocket note-— 
book, I use one (illustrating) which contains interchangeable | 
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sheets, which are either cut out, or copied on the large Manila 


paper sheets referred to previously. 


Krent.—One of the worst troubles in this whole business of 


keeping notes is the accumulation of them and the different 


methods and shapes we get them in. Sometimes you get them 


printed, sometimes on a thin piece of paper and sometimes in a 


large book. Seraps of paper and small pamphlets had better be 


kept in self-indexing letter files, but for original notes in writing, 
about as good a i as any is to have one book ealled a blotter; | 
write them in that, in chronological order, then go through that r) 
book, page by page, at any convenient opportunity, and index 
whatever is worth indexing. Tod’s /adee Rerum gives us an ex- 
cellent system of indexing. 

Mr. Partridge.—The difficulty in using a blotter or docket af 
that sort is the same which has prevented the /ndex Rerum from 
coming into use. The clerical labor involved is too great to be 


undertaken by a busy man, and it is of a kind that cannot be 


done by an assistant. It seems to me that the ecard catalogue is 
the only feasible method by which one can render his whole fund 7 
of information available, including memoranda in books, papers 

in envelopes, catalogues, circulars, ete., and make the whole prac- : - 


tically available. A pile of envelopes, or a bundle of papers can | 


be made perfectly accessible by putting these tags upon them, and 
in this way I have made my ecard catalogue an index to all the in- 
formation which I have, whether it is contained in books or is 


found on sheets of tissue paper. The use of the tags enables a 
great deal of matter to be indexed which is usually stowed away 
in boxes or bundles, and is only found by organizing an exploring 


expedition. 
No. 184 


\ How fast will steel springs open and shut ? . z 


DISCUSSION, 


as 


Mr. Oberlin Smith.—My. President, if any gentleman wants to 
offer me his minute and a half on this question, after ’ve used up 
mine, I shall not refuse it. 

The speed of a spring is of very little practical value in itself, 
without considering connected mechanisms. Of course, it is 
merely a mathematical matter to work out the average velocity of 
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a spring and to determine, as far as inertia is concerned, how fast — 


its free end should go, the other end being fixed. The theory of 
spring action undoubtedly is that they will move at an infinite 
speed, if not retarded. Molecular friction, the friction of the parts 
they slide upon, the friction of the air and their own inertia, es- 
pee ially, are the retarding tendencies. As before said, their 
inertia is a matter for calculation and their approximate speed — 
may be found, on the same principle as in the case of falling 


<> 


Fig. 203. 
b 


Extention of time piece thaft.. 


bodies, by considering their mass and their stored-up force when 
compressed, or otherwise distorted, ready for action. The molec- _ 
ular friction, of course, we cannot calculate. That will have to— 
be ascertained some time by delicate experiments. If these were 
made with pull-springs, to avoid sliding friction, and in vacuo, to — 
eliminate the retardation of the air, some interesting results might. 
be obtained. 
Noticing, only the day before yesterday, that this question was | 
to come up, I made a few hasty experiments. These were neces- _ 
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sarily not accurate and their results are only of interest to show 
you as a matter of curiosity, just how fast certain springs I hap- 


pened to have on hand did move. I had one buggy spring of 
which ¢, Fig. 209 {referring to sketch on blackboard |, 
gram. 


is a dia- 
This was compressed 2,°, inches, and when released ex- 
ecuted a movement through that distance in ;,4), of a second. I 
have here in my hand spring ¢, Fig. 209, which was pulled out a 
distance of 6,5, inches and flew back to its normal position in 
7325 of a second. 

The President. —Has anybody got a minute and a half for Mr. 
Smith ¢ 

Mr. Partridge.—1I will give him mine. 

Mr. Smith—Thanks! And _ please, 
This spring | holding it ap h, Fig. 209, was com- 


gentlemen, excuse such 


rapid talking. 
pressed 4: inches; it sprung back 1 66 


of a second. This 


spring [exhibiting it| a, Fig. 209, was compressed 3,4, inches, and 


it sprang back in ;35y5 of a second. TI have the weights and num- 
ber of Ibs. compression of these respective springs, but there is not 


time to mention them now. I here hold up in my hands the chart 


upon which I recorded automatically the speeds mentioned. It 


is shown in Fig. 212 and is about 15! inches long by 8 wide, cross- 


ruled in inches and tenths thereof. Its vertical scale is | and 
shows distance. Its horizontal scale is for fime, and is 50 inches 
per second. The chart’s length was made 


which my “ 


to suit the speed at 


time-piece ” happened to be running, viz. : 196 revolu- 
tions per minute. 

An end view of my extemporized apparatus is shown in Fig. 210, 
and a side view in Fig. 211. 
on which the spring to be tested, S$, pushed a light wooden block, 


carrying a pencil P. 


Into a column C was stuck a rod R, 


Ou the time-piece shaft extension was placed 
the drum D, around which the paper chart was wrapped. The 
iron pulled against the block 
and let go by slipping the bar off suddenly, the pencil drawing a 


spring was compressed by a bar of 
diagram on the drum as you see here. The carriage spring was 
not unlimited in its motion. If it had been allowed to go on, it 
would have shown a gradually slower vibration by a zigzag mark 
It was only allowed, however, to move 2,},, 
other springs 


crossing the zero line. 
plus ; of an inch, and then minus yj. The 
were stopped by a collar on rod R. Spring ¢ was of course not 


on the rod, but was hooked to the block and over to a post at the 
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The President.—Has Mr. Smith another friend in the audience ? 
A Memb Yes. 


Mr, Smith.—My time-piece, I may say, was a “ Straight-Line ” 


engine. I requested my assistant to ascertain the exact speed at 
which it was running, by averaging a series of observations. He 
told me it was running 196. 1 said I would like to know the 
speed respectively of all the observations. Upon receiving this 
record I found that the first was 196, the second was 196, the 
i third was 196, the fourth was 196, and the fifth was 196. Thus I 
couldn't possibly get a series of varying numbers from which to 
strike an average. I will venture to say that [ think the Straight- 
Line engine a perfectly worthless affair for the purpose of getting 
a series of variable observations of speed. 

Regarding the object of speed tests for springs, it seems to me 
that their chief practical use (aside from musical instrument de- 
vices, such as tuning-forks and reeds, which of course are nothing 
but springs, loaded to obtain proper inertia) is in relation to 
springs which actuate levers and slides operated by single-acting 
cams. In such cases f/me is a factor of importance—that is, if 
the cam rotates rapidly and if its inclines are steep. The spring 
in question must be strong enough to overcome its own inertia, 
plus that of its /oad, with sach rapidity as to make the lever or 
slide forming the load “ follow” the cam smoothly. 

Mr. Bahcock.—TVhe question admits of two answers—the num- 
ber of vibrations, and the number of feet per second which a 
spring can make, and IT am not sure which is meant. If the first, 
it depends upon the size and stiffness, as in the notes of a music 
box. Some twenty-three years ago I was called upon to design a 
spring motor for sewing machines, and made a large number of 
experiments to determine the power of springs. I found this 
varied greatly with their form and size. The weight which would 
bend the spring to its elastic limit was ascertained, which, assum- 
ing the elasticity to be uniform, was just twice the force the spring 
would exert through the distance moved. From this was de- 
duced the number of feet which the spring would lift its own 
weight. Ihave no data of those experiments at hand, but from 
memory should say that this varied from 25 to 150 feet, the low- 
est being a heavy flat spring, and the highest a coiled clock spring. 
A watch spring would doubtless give higher results. These fig- 
ures give an initial velocity of from 40 to 100 feet per second, but 
as one end of a spring is stationary, and when moving itself only — 
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it moves but half its weight, it would lift that half twice as much, 
or 50 to 300 feet, giving an initial velocity at the center of motion 
of from 56 to 138 feet, while the free end of acoil or straight 
spring would move at twice that velocity, or, say, 112 to 276 feet 
per second. 

Mr. Bancroft-—Some experiments were made last year by Mr. 
Wilfred Lewis, who was at this meeting, to ascertain the foot- 
pounds of energy that could be stored in steel springs of any 
given kind. The experiment was in reference to the spring motor 
which was talked of in Philadelphia for passenger cars, and the 
results of his investigations would seem to show that with the 
weight and kind of spring that was proposed, the motor would 
not be able to ascend a hill more than 20 feet in height, but with 
the springs that he experimented with, coming down to a very 
much smaller size, he succeeded in getting a much higher duty. 

In one experiment a torsion door-spring, ;\;" diameter, 3} feet 
long, was twisted through an angle of 180° by a weight of 8 lbs., 
acting at a radius of 13”, taking a permanent set of 5. The 
greatest shearing stress was 80,000 Ibs. per square inch, and the 
resilience about 43 foot-pounds per pound of spring. A clock 
spring, 3” wide, .014” thick, weighed 605 grs., and was conse- 
quently 60" long; this spring was in the usual coiled form and, 
when wound up 12 turns from a_ state of rest, supported one 
pound at a radius of 3”; the tension was in all cases proportional 
to the number of turns, and no set was apparent after unwinding. 

This load gives a resilience of 108 foot-pounds per pound, and 
assuming the neutral axis to be in the middle of the ribbon, there 
must have been a transverse resistance of 240,000 lbs. per square 
inch upon the outside fibers. 

A short piece of this spring supported, when fixed at one end 
as a cantilever, one pound at a radius of 4”, when an apparent set 
took place. The transverse strength of the steel was thus found 
to be over 320,000 lbs., with an elastic limit closely approaching 
that amount. 

Another spring, }"” wide by .022” thick, weighing 2,040 grs., 
showed even better results, giving 154 foot-pounds per pound, and 
showing a transverse elastic resistance of 300,000 lbs. per square 
inch. 

With reference to the use of springs in a car motor, he says : 
“ Assuming 154 foot-pounds: per pound, which is probably far in 
excess of what can be obtained on a large scale, and allowing } of 
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the total weight for the weight of the springs, and 50 per cent. for 
the efficiency of the driving mechanism, we have about 20 foot- 
pounds of available energy per pound of load moved.” — Evi- 
dently this would move a car but a very short distance over ordi- 
nary street tracks. 

Those who may be interested in the subject will find farther 
data in a paper on the “ Resilience of Steel,” read by Mr. Lewis 
before the Engineers’ Club of Philadelphia, and published in their 
proceedings, November, L554. 

Mr. Babcock.—Some thirty years ago or more a Frenchman 
proposed to put a spring in front of a locomotive, so that when 
two locomotives ran together the spring would take up the mo- 
mentum and no harm would result. I forget how many millions 
of tons of steel it required to produce the effect, but it was some- 
thing enormous. 
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~~ 
‘DECEASED DURING THE YEAR, 


J. H. BURNETT 


was born at Cazenovia, N. Y., August 21,1826. He learned the 
machinist trade with Wright & Smith, of Newark, N. J., completing — 
his apprenticeship in 1872. After that time he was engaged in— 
the practical side of mechanical engineering, having made several — 
inventions in use in connection with ear building, machine tools, | 
ete., and for rubber manufacture. He entered the Society at the 
Philadelphia meeting in 1882, and at that time was manager of 
— the Usudurian Steam Packing Department of the Woonsocket 
~ Rubber Company, with offices in New York City. 
His death was due to consumption, and took place on the 31st 


- 


of January, 1885, after an illness of six months. 


HORACE LORD 


. was born in Windsor, Conn., in 1815, and died in the eity of 
Hartford, February 2, 1885. He began to learn his trade as 
machinist in Springfield with Zelotes Lombard in 1832, and in 


1836 the latter secured a chance for him in the Springfield 


Armory, where he was engaged six years designing and building 

tools and machinery for special uses. On the suspension of the 
Armory in 1842, Mr. Lord became foreman of Whitneyville Armory, 
under Mr. Eli Whitney, where he remained four years until be 

moved to Hartford to become connected with Colt’s Armory. He 
was eight years foreman of Colt’s Armory, and for upwards of 
twenty years until the time of his death had been Superintendent 
of Colt’s Patent Fire-arms Manufacturing Company. 
_ He joined the American Society of Mechanical Engineers at the 
first annual meeting in 1880. A friend says of him: * Those who 
‘i _ knew Mr. Lord the most intimately appreciated him the most. 


Honest, energetic, kind-hearted and generous, active in every 


good work, respected and beloved by neighbors and by those under 


as well as over him, his loss is felt especially by the mechanics 


and laboring classes with whom he was associated more than 
with any other class of his fellow citizens.” 
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DAVID HOWARD HOTCHKISS oi 


was born in the city of Syracuse, January 8, 1856, and died in that 
city April 29,1885. From the public schools of his native city 
he passed at the age of ‘fourteen to a preparatory school at 
Laurenceville, N. Y., with a view to entering Harvard College. 
At the Solicitation of his parents this plan was given up, and he 
matriculated at Syracuse University with the class of 1876. In 
Sophomore year he showed so evident a disinclination to the 
professions of either law or divinity, that he left college and 
entered mercantile life in the jewelry store of C.S. Ball. His 
strong inclination for mechanies had been early shown, and the 


commercial side of his business was very distasteful to him, so that 
after much persuasion his guardian finally allowed him to enter 
the factory of William Duncan to learn the trade of a manufactur- 
ing jeweler. On the death of his father, in 1874, he re-entered 
the University as he had hoped to do, and graduated in 1889. 

Mr. Hotehkiss took one-tifth of the stock of the Straight-Line 
Engine Company when it was formed on February 1, 1880, and at 
first acted as draftsman, and afterward as assistant superintendent 
and in charge of the accounts. On February 5, 1885, he was 
elected Secretary of the company, and having grown up with the 
business he was thoroughly conversant with it, and was practically 
second only to its projector in influence and interest. He was 
elected one of the first junior members of the American Society 
of Mechanical Engineers at the meeting at Altoona in August: 
1880. A friend writes of him: “He was one of the few young 
men who, left an orphan with a surplus of worldly goods, was 
making a worthy application of it. He had a life of usefulness 
before him, and there are many who have occasion to mourn his 
loss.” 


HENRI TRESCA, 


honorary member of the American Society of Mechanical Engi- 
neers, was born at Dunquerque in the year 1814, and was there- 
fore about seventy-one years of age at the time of his death, June 
24, 1985. He evinced a fondness for scientific and engineering 
pursuits at an early age, and, following his natural bent, was edu- 
cated at L’Kcole Polytechnique, graduating with a high reputation 
for scholarship and ability. Nearly thirty years ago he became con- 
nected with the Conservatoire des Arts et Metiers as its sub-direc- 
56 
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tor, and remained attached to that institution until his death. The 
director, General Morin, was his friend as well as colleague, until 


work of M. Tresea, who also made a ve ry considerable number of © 


in 1872, upon the death of M. Combes, the distinguished scientific 

writer, investigator, and author, especially of works upon thermo- 


~ metals, and upon the working of metals, in which two directions 
he made extended investigations, and reached some very inter- 
esting and important results. These two works are published in 
small quarto; all other writings seem to have been only pub- 
— lished as papers before societies, and in technical periodicals. 
~ Among the latter are a number describing some of the earliest 

trials of air and gas engines. These trials were usually made at 
the Conservatoire for his own satisfaction, and contain some of the 


Lenoir, and of the Hugon gas engines, is deichand from the re- 


OM. Tresca was almost invariably a delegate from France to the 
International Industrial Exhibitions, and was always placed upon 
those sections of the juries which had cognizance of the various 
prime motors, and more important machinery of the arts. In the 
discussions preceding the making of awards, he always gave evi- 
dence of a very thorough appreciation of the skill and ingenuity 
of American mechanics. He was always ready, not merely to ad- 
omit their claims to consideration, but would usually very gladly 
lead the way in moving the awards given them. In the exhibi- 
tion of 1873, at Vienna, as an illustration, Mr. Geo. H. Corliss 

made no exhibit. It was proposed by the American commissioner 

in that “Group” to award to Mr. Corliss the highest award, a 
“Diploma of Honor,” as the most distinguished inventor of the 
‘steam engine. It was objected that Mr. Corliss was not an ex- 


hibitor; the American commissioner rejoined that he was an 


a 4. 
the death of the latter, when M. Tresea succeeded him. M: any 


of the investigations and researches made and published 
General Morin, were made with the aid, and often mainly by the | 


inde] vendent researches. He was Professor of Industrial Mechanies 


Polytechnic, and of Applied Mechanies at L’ Ecole Centrale 
des Arts et Manufactures. He became a member of the Institute | 


ing. The earliest information in relation to the efficiency of the. 


~ dynamics, when the science was in its infancy. M. Tresca was not. 
a prolific writer, and is best known by his papers on the flow of - 


earliest illustrations of the scientific method applied in engineer-- 
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hibition, and that whatever of merit was exhibited in that class— 
steam engines—was the result of the skill, ingenuity, and pluck of 
Mr. Corliss. M. ‘lresca was the first to rise, and to second the 
claims of the American inventor, and his remarks were so earnest 
and so thoroughly to the point that the award was made without . 
another dissenting voice being raised. The presence of M. Tresca 
was always welcomed by the exhibitors of worthy inventions and 
of good machinery, as that of a good and a fair judge, and his ex- 
pression of opinion always had very great weight with his col- 
leagues. His later work has included very interesting and valua- 
ble investigations of the efficiency of electro-dynamic transmission 7 
of power, especially over considerable distances. He was elected | 
an honorary member of the American Society of Mechanical 
Engineers at the annual meeting in 1882. The death of M. Tresea 
is a very great loss to the profession. 


HENRY HH. GORRINGE 


was born in the West Indies in 1840, and died in New York City, 
July 6, 1885. Ile came to New York in his youth, and was ap- 
pointed from this State to the navy in July, 1862. He served i. 
through the war in the Mississippi squadron, taking part in nearly — 
all the important battles of that part of the fleet. Beginningas _ 
master’s mate he was three times promoted for gallantry in battle. m ; 
After the close of the war, he was assigned for two years as com- _ 
mander of the S.S. Memplis of the Atlantic squadron, and in > 
1868, while on duty at the Brooklyn Navy Yard, he was duly com- 
missioned a lieutenant-commander. From 1869 to 1871 he com-— 


on survey duty on the south coast of the Mediterranean. 

at the close of this assignment that Mr. Gorringe obtained a long 
furlough from the Navy Department to undertake the removal of. 
the obelisk known as Cleopatra’s Needle from Alexandria to New 
York City. New York capital having furnished the necessary 
means, to Mr. Gorringe was entrusted the responsibility of effect- 
ing the shipment and erection of the monolith. Improving on— 
what had been done in similar efforts before, the removal was _ 
satisfactorily carried out, and on July 20, 1880, the S.S. Dessoug 
returned to New York with the obelisk on board. He published — 
an account of this work (for which he had undertaken considera-— 
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ble preliminary study) in book form, and reference may be made 
to that for the engineering details of the work. Trunnions were 
bolted to the vertical shaft on an axis through its center of gravity, 
these trunnions turning in bearings built up under them. The 
obelisk being lifted off from its bearings by jacks under the trunn- 
ion journals, the shaft was turned over to a horizontal position 
and lowered by the jacks and blocking to the ground. Plates were 
removed from the fore-quarter of the ship, and the obelisk was _ 


thus put on board in the hold while the vessel was in dry dock. Nn 
} The shaft was re-erected by reversing the method used in getting > pe 


tc it down. After it had been duly erected and presented to the © 
city, Mr. Gorringe had opportunity for remunerative expert work ~ r 
during the continuance of his furlough, but as the result of certain _ 
correspondence with the Secretary of the Navy, he severed his con- 7 
nection with the navy in February, 1.83. Since that time he had 4 Me 
been manager of the American Shipbuilding Co., with yards near 


Philadelphia. 
Mr. Gorringe entered the Society at the Altoona (ITId) meeting 
J in 1881. His death was the result of an accident in jumping from Y 


a moving tr in early in the winter. The fall acceler: ate “la cancer- 
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APPENDIX VI. 
DISCUSSION 


ON THE ADOPTION BY A LETTER BALLOT OF THE REPORT OF A COMMITTEE OF 
THE SOCIETY ON A STANDARD METHOD OF CONDUCTING STEAM-BOILER TRIALS, 


[ Note.—It has been thought advisable to print this diseussion in full, as an ap- 
pendix to the volume, in order to put upon record, asa precedent, the decision 
reached by the Society in the matter of official adoption of a Report of one of its 
Committees. The discussion took place at the XIth mecting of the Society, held in 
May, 1885, at Atlantic City, N. J | 


The Report of the Committee of the Society on a Standard Method of Con- 
ducting Steam-Boiler Trials jad been sent to every member before the meeting. 


Certain gentlemen had sent on their views in advance of the meeting, and these 
papers had been printed for circulation as Discussion of the Report, and headed 
with the following note : 


“Nore.—The Report of the Committee was formally presented at the New 
York Meeting of the Society, November, 1834. On account of its thoroughness 
and magnitude it was not discussed at that meeting, but it was ordered that it 
should be printed and sent to all the members before the spring meeting, that it 
might receive their careful examination. The discussion of that Report being 
made a special order for the second session of the meeting of May, 1885, the fol-_ 
lowing suggest ons were presented. The council had directed that the final vote 
on the adoption of the Report should be made by letter ballot, to the end that all 
the members of the Society might have a voice in so important a matter. The 
discu-sion was as follows :” 


The debate on this branch of the subject was opened by the reading of the 
above note by the Chairman of the Committee, who proceeded as follows : 


Mr. Kent.—I understand that the action of the Council to which the Seere- 
tary refers in the above note was taken in view of the suggestion made by Mr. 
A. F. Nagle, of Chicago, that such a letter ballot ought to be taken by the- 
Society, for the purpose of giving greater weight to the code than could be given 
to it by the Committee themselves. 

Mr. Nagle’s positiin was as follows, quoted from his letter: “* * * 
I wish to express to you the importance of a letter ballot on the adoption of the — 
Report on the Standard Method of Conducting Boiler Tests. In order to give said 
Report the value it merits, particularly in lawsuits where boiler capacities are — 
in dispute, it would be important to quote the vote of the Scciety—as 714 for it, 
62 against, 90 not voting; or as the case may be. The adoption by a viva voce 
vote would not be of sufficient force in a suit to give it the weight it merits.” 
It is easy to see that, especially if the names and addresses were given of 
those who voted affirmatively or negatively, it would be possible for a court to 
decide on the standing and weight of the Report. It seems that the Council 
agreed with these suggestions of Mr. Nagle, and ordered a leiter ballot, according 
to the note placed at the head of the pamphlet. The Secretary then wrote to _ 
the individual members of the Committee, and asked what disposition should be _ 
made of the suggestions and amendments proposed to the Committee by Prof. 
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Trowbridge and others, and I think the opinion of some of the members of the 
Committee is given in a letter which I addressed to the Secretary, which I will 
read. 


‘‘T think that the discussion should be printed in the ‘ Transactions’ with the 
Report, after it has been revised by the authors in the light of the discussion at the 
Atlantic City meeting, for the purpose of keeping a permanent record of the whole 
matter. I would insist on the discussion being pulled to pieces as thoroughly 
as the Report was, before it is finally printed, and that authors have full liberty 
to withdraw their remarks, if they find they bave been based upon misconception 
of the meaning of the Report. Such discussion can certainly not be considered as 
an amendment to the Report, or even asa proposed amendment, unless it is writ- 
ten out in the form of an amendment, distinctly specifying the words two be 
omitted in the Report, and the words to be substituted. 

The Committee may accept such an amendment if they choose, and modify 
their Report accordingly, if they find they have made any mistake, but if they 
reject the proposed amendment, the Report as a Report must stand as it is 
printed. 

The submission of the Report for adoption by the whole Society is another 
matter. If proposers of amendments insist upon them after rejection by the 
Committee, they may propose them to the Society at the Atlantic City meet- 
ing, and obtain a vote upon the question: Shall Mr. Blank’s amendment be 
submitted for letter ballot ? 

If decided in the affirmative, the letter ballot may be had on several ques- 
tions. Thus: 

1. Shall proposed amendment number 1 be added to (or substituted for) para- 
graph so and so of the Report ? 

2. 3. Same for other proposed amendments. 
4. Shall the Report be adopted by the Society as modified by amendments 1, 
3, or such of them as receive a majority vote of the Suciety ? 
5. Shall the Report be adopted without amendment ? 
Yours truly, Wm. 


 -‘The whole question was then further complicated ly a letter from Prof. 
Thurston to the Secretary. 
* * * * * * * 
‘*My own personal opinion in regard to the action advisable in relation to the 
Report of the Committee on Poiler Trials is, that no other action is needed or 
desirable than the usual vote of thanks to the Comittee, and the acceptance of 
the Report—provided the Report be acceptable. I do not think it well for the 
° Society to make a precedent of formally adopting and making the Society asa 
— body responsible for a specific system, like that proposed by the Committee. It 
, should be taken, in my opinion, as simply the expression of the views of the 
Commit ee, and it will have a weight (as it ought) simply proportional to the 
weight of the Committve. If the Committee are to accept their task as one of rep- 
resenting the aggregate opinion of a society, or if the Society can in any possible 
way be brought to promulgate the reports of its committees as if representing a 
received platform of the Society itself, I fear it may involve us at some future 
time in serious difficulties, It might.even lead to attempts to use the Society 
through the action of small committees. 

I would therefore say, simply accept the report and discharge the Committee 
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in the usual way, and let any debate on the Report take the usual course, If the 
Committee is discharged it would be satisfactory to the Committee itself, no 
doubt. Very respectfully yours, 
R. H. ‘THURSTON. 

P. S.—If the Report be right, it will be accepted by the profession, whether 
indorsed by the Society or not; if wrong, the Society cannot help it, and will 
only be itself injured by its formal indorsement.”’ 


I think that letter was written by Prof. Thur-ton without hearing the argu- 
ments in favor of the other side, raised by Mr. Nagle and others ; but the letter 
appealed so strongly te the later views of the Council that the Council, I am offi- 
cially informed, have rescinded their action ordering a letter ballot, since the 
Secretary's note was printed, and the matter now stands open for action by the 
Society. [think the whoie question may therefore be submitted to the Society 
whether a letter ballot ought to be taken on this Report, and I want to bring up 
that topic for discussion at some session of this meeting. 

Mr. Charles BE. Emery.—\ think it is well to try and di-pose of this subject 
while we have it in mind. Mr. Kent does not seem to recollect the suggestion I 
made to him at the meeting of the Committee—that it be stated that an exeeption 
is made in this particular case, | believe myself thata general :ule should be 
adopred that the Society is not responsible for the opinions of its members or its 
committees, In this particular case there are important reasons why an excep- 


tion should be made, and I think in drafting a resolution in reference to the — 


subject that it should be expressly stated that this ¢v an exeeption, and that it is 
not the policy of the Society to indorse the opinions of its committees as a general 
rule. It is thought that this plan will overcome the difficulties which Professor 
Thurston has so ably stated, and at the same time give this boiler report a basis 
of authority greater, as Mr. Nagle has stated, than that of the members of the 
Committee simply. [ would be pleased if some member, not on the Committee, 
would move that this propo-ition be submitted to letter ballot ; | think that 
action the proper one to take if the qualification referred to be embodied in the 
resolution, 

Mr. Sweet. —While I was hearing the discassion on the Report, I made up my 
mind to make that motion, not knowing that anything had been proposed in that 
direction. I make a motion that the code, after copies of it have been received 
and the discussion has been amended, be submitted to all members of the Society 
by letter ballot, and with this statement that this is a special case, and that it is 
not to be considered hereafter as a precedent. 

Mr, Kent. would ask, then, what shall be done with the suggestions of Mr. 
Barrus and Professor ‘Trowbridge? I understand that the Committee, so far as I 
know its feelings in the matter, will not accept the amendments of either. No 
other proposed amendments have been made, and I think it would be question- 
able whether these should be submitted to the Society. 

Mr. Root.—I would like to ask the Committee if their work is not substan- 
tisliy a corroboration of the Report of the Centennial Committee. Their unit is 
about the same thing. 

Mr. Kent.—It is just the same. 

Mr. Root.—Then the Report of this Committee being the same as the Report 
of the Centennial Committee, I should think would carry very great weight with 
it. ‘Two committees investigating a subject of that kind and reporting in the 
same manner would in itself have considerable weight. I do not think that the 


a” 
J 
' 
4 
‘ 
Fe 


APPENDIX VI. 


letter ballot could have much effect one way or the other, but Isee how it might 
| compromise the Society and lead to forming a ne which might afterward 


pret C committee it seems to me that the whole matter has received a suflicie at 


indorsement, and it would have just as much weight as though the Society voted 
upon it. 


Mr. Green.—I second Professor Sweet’s motion. 
Mr. Kent.—The Committee of Judges 


basis of thirty pounds, ete., but I do not believe that 

they put it in the form of a cede or asa proposition for future use, or anything 

” of that kind. That Report is published by Lippincott & Co, at $2.00, and un- 

fortunately few people know of its existence, so it has not been widely enough 
published in that form. 


Mr. Durfee.—While I recognize the great value of the work of this Commit- 
tee, and am disposed to agree with their conclusions, | will ask the Society, 
before they submit this Report to a letter ballot, to consider the possibility of a 
negative conclusion. It is possible that the Society, by a very small majority, 
might vote in opposition to establishing this report as a standard, and in that 
case the Committee and the Society also would be in an unpleasant position, and 

[ think myself it had better be left as it is, 

Mr. kKent.—1 think the Committee are willing to take that risk. 

Mr. Stratton.—As 1 understand it, at present there is no edopted standard of 
hoise-power in this direction except that established for its own guidance by the 
Centennial Commission. It seems to me that it is desirable that such a standard 
should be adopted by some organization, and as I know of none better qualified 
to establish such standards than our own, I certainly hope the motion will prevail. 

Mr. Babeock.—1 do not exactly know what would be the benetit of such a vote 
(if this matter is to be discussed at the present time), whether the aduption of a 
standard of this kind by this Society would have any special force outside of this 
Society. I presume it would not have any legal force, but it might have some 
moral force. It is undoubtedly desirable that there should be a recognized 
standard for boiler horse-power. The Franklin Institute in Philadelphia saw the 

necessity of it some years ago, and appointed a committee for the purpose of 
fixing a standard which the Institute might adopt and cause to become a standard 
for the country, the sume as they adopted a standard for screw threads. That 
Committee reported in favor of the o'd Watt standard of a cutie foot of water to 
the horse-power, but the Society refused to adopt it. If the adoption of this 

— sta: dard by this Society would secure its adoption by the world, it would cer- 
tainly be a desirable thing to do. If it would not give it any more force than 
would the publication of the Report of the Committee in our Transactions, then 
it would not be woith while for us to adopt it and so establish a precedent which 
might afterward involve us in difficulty. It certainly is desirable, as has been 
expressed, that if this question is submitted to a ballot, it be expressly stated in 
the resolution and put upon the record that this shall not in any way be a pre- 
cedent for the future. We do not want to be obliged to vote upon such questions 
always as they arise, and put ourselves upon record that a certain thing is just 
right, when subsequent invest'gations might show that we were mistaken. 
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Mr. Kent —I am surprised that Mr. Babcock thinks that the decision would 
not have any legal effect. I think he knows that he himself in times ; ast has had 
2 lawsuits in which this very question has come up, and he was obliged to employ 
experts to swear that a horse-power was thirty pounds, against the contrary 
evidence of another expert. Some of his experts said thirty pounds under one 
condition and some said thirty pounds under another, but the question did have 


power according to the weight of evidence ; that was the Superior Court of New 
York City. In Cincinnati, also, | know the same question was raised in a case. 


"No member of the Mechanical Engineers, when summoned in court and asked 


what a horse-power was, could say that the Society's report did not amount to 
anything, and that a horse-power was still sixty-two pounds, after he had voted 
that it should be called thirty pounds 

Mr. Green.—1 would suggest that while the decision of this Society might not 

have legal force, it would be a mile-stone on a path that has not been traveled 
very far yet. It is a white stone set up by which a man can find the place he 
got to. 
Mr. Durfee —I do not think Mr. Kent quite understood the full force of my 
suggestion. I think with him that a majority of this Society would be in favor 
of the Report of the Committee ; but the vote may turn entirely upon the question 
of the policy of indorsing it by letter ballot. If the vote should go in the nega- 
tive it will accomplish a very unpleasant result. It will say to the public, who 
do not understand the true inwardness of this matter, that the Society are not in 
favor of the Report of the Committee ; whereas the majority of the Society may 
be in favor of the Report, believing in its value as | do myself, but having a 
decided doubt as to the policy of committing the Society as a whole to its 
adoption, 

Mr. Aenut.—Those people can refrain from voting. 

Mr. Couch.—1 do not think there is any doubt, after the discussion that has 
taken place, that the Society will sanetion the standard of horse-power, stated by 
the Committee, and I think it ce: tainly very desirable that Professor Sweet's motion 
should prevail, and that each member should have opportunity to give lis sanc- 
tion to it. I think it is very desirable, however, that the point should be dis- 
tinetly kept in mind (and perhaps more distinctly expressed in the Committee’s 
Report) that, whereas the ability to evaporate 30 pounds per hour at 70 pounds 
pressure from feed water at 100 degrees Fahrenheit is equivalent to an actual 
horse-power, a boiler, for each conimercial horse-power, should be capable of 
evaporating a quantity one-third greater ; because, if it is simply required that 


the boiler should be capable of evaporating 30 pounds, the purchaser and manu- 
facturer may differ greatly as to the amount of forcing admissible. Of course 
our decision cannot have any legal force except where it is made the basis of a 
contract. 

a Mr. Chas. E. Emery.—1 will add some remarks as to the way the courts will 
- _ probably look at this matter. I have been called upon seve.al times to testify in 
boiler cases, and the first question in court is, what do you yourself know about 
r the matter? The statements of others are in the nature of hearsay evidence, and 
are ruled ont at once. In relation to the proposed standard of 50 pounds of feed. 
water per horse-power per hour, I personally ascertained in the year 1869, at the 


Fair of the American Institute, that standard high pressure engines of medium 
size (60 to 80 horse-power) could be operated for 28 pounds of feed water per 
horse-power per hour, and that those a little smaller would require 80 pounds, Pro- 
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fessor Thurston, another member of the Committee, ascertained similar facts the 
year after, at the same place, during a trial of one of the engines of Mr. Porter, a 


third member of the Committee. These facts ascertained almost in coincidence 
by three members of the Committee, are in addition to and independent of ' ~ ae 
other similar facts, coming under their notice, and the other members of the ; ? 
Committee have had similar opportunities personally to ascertain the cost of — 7 
steam power, Personally, therefore, all may feel more complimented to have 


the report stand on the opinion of the members of the Committee without any 
~ action of the Society. The majority of the people throughout the country do not, 
— however, know the members of the Committee, The judges of the courts do oe = 4% 
and it might be we'l if the subject be voted upon, that the Secretary mention — 
in the accompanying circular, that one object of the letter ballot was to show that ' 5 
the Society as a whole had confidence in the judgment of the members who have j 
been appointed on this Committee. The special statement should also be made— Y 


that this action of the Society is an exceptional case, and that the Society does . 

. not, as a rule, act upon individual opinions or the reports of Committees — If the 

a of the Society would be valuable. It occurs to me to suggest further that the 


subject were acted upon and promulgated in this shape, I think the indorsement 


— Jetter ballot be in such form that the names and residences of those who | ee 
-vote for and against the adoption of the Report, may be published in the Traus- 
actions of the Society. will ask Professor Sweet to embody that in his resolu-— 
tion, 
Professor Sirect.—1 was going to suggest that the vote on my resolution be 
_ postponed until we have the resolution written out, as it will appear on the ballot, > 
and presented in its entirety to the Society. 
£ Mr. Durfee.—1 submit, that if the action of this Society is to be brought into — 
court, the oaly way that it can be legally offered and placed before the judge — 
s or the jury, is for the officers of this Society to come into court and make « ath. { 
_ that on such an occa-ion, and under such circumstances, a particular action of 


the Society was taken. We are going to establish an expert business for the — 


- President and Secretary of the Society, if we adopt this report in this way. The 

mere testimony of a single engineer would not be evidence of the action of the — £ 
Society. He cculd only say, that he believed that the Society took certain action ; 

= the legal evidence of that action is the records of the Society itself, and the 


persons to bring these before the court are the officers of the Society. 
_ The President.—The suggestion of Professor Sweet is a good one, But for 
a the purposes of the discussion of the matter now, perhaps it is well enough 
. understood, and we may discuss it without reference to the official adoption of 
the resolution which will take place afterward, after it has been written out with 

somewhat careful attention, 

Mr. Partridge.—In view of the fact that this is one of the most important 
resolutions that have ever come before this Society, it seems to me that we need 
more time for deliberation over Professor Sweet’s motion. I think that the publi- 
ah cation of the names of those who vote on this subject would be an exceeding 
inju-tice to those members who vote solely with reference to it as a precedent for 
the Society, without any regard whatever to the report itself. For myself, as I 
, feel at present, I should vete against Professor Sweet’s resolution, while I should 
most heartily indorse the report of the Committee. I presume there are many 
du others who feel iu the same way, and to publish the names of those voting in the 
negative would be to say that they do not believe that the Committee were right, 
while the rea! significance of the vote would be that they do not wish to put the — 


We 
cannot avoid that, ond while I do not foresee definitely the circumstances likely to 


how we may word our motion, it will be regarded hereafter as a precedent. 


embarrass us, | can see that they may come up in the immediate future, and that 


we may find ourselves in an unfortunate predicament, 
Mr. Oberlin Smith.—A\though I do not know that I am wholly in favor of 


having this ballot, | must say that if we do take it | agree with Mr. Partridge in 
thinking it to be unfair to publish the voters’ names. [ cannot see how a thing 


can be called a ballot if the names are all to be published. The inference re- 


garding a ballot is that the thing is to be secret. I must say that | disagree with 
two things that Mr. Durfee said; one is that it would put the Society in a bad 
light if they vored against this measure. I do not think so. They would simply 


say that they did not agree with the Committee. It would simply show that— 
several hundred verdiets overpowered the five verdicts. About its net being 


? _ legal evidence unless the S:eretary and President appeared at court, I do not see | 


that there is anything in it. 1 do not see why a published volume of transac- — 


. . . . . 
tions, which it is perfectly evident was published at a certain date, is not as good 


\ legal evidence as any other faets which have been printed and made known to 
* would, | think, be 
_perfeetly legal evidence that the Society had adopted this Report. 

> 


the world. The presentation of a volume of ‘* Transactions 


Mr. Kent.—As to the legal matter I will say there is no necessity whatever for — 


i so identifying the Transactions as a basis of evidence. I have had some experi-_ 


ence in court in whieh the transactions of societies have come in. A man would 
— swear that a certain piece of metal, because it contained ouly ten per cent. of ear- 


bon and would not harden, was not steel but iron, and I would hand him a 

volume of Transactions and say to him: ** Did you write this paper that has your 


—_— to it, in which you deseribed such a product?” ‘ Yes.’ * Did you call it — 


iron or steel?” ‘Well, I called it steel, there,” he would say. ‘lhe question 


whether steel has been used for boiler plate has been brought in in the same — 
way. would bing a member of the Master Mechanics’ Association and ask 
him to identify a volume of the ‘Transactions of that association. I would ask — 
him: * Were you present at that meeting?" “ Yes.” ‘* Did you hear the ques- 
tion of boiler plate discussed?" ** Yes.” “* Was anything said about steel boiler. 
plate being used in this country?” ‘* Yes.” ‘That would refresh his memory 


completely. And that is the way the question might be raised about this stand- 
ard. Every one here and every one that tvkes part in the vote might be brought 
as a witness to testify with regard to it, and the. Transactions be used to refresh 
his memory, 

The President.—1 think the difficulty of the matter comes in in this way. The- 
- feeling prevailing in the Society would favor a vote agreeing with the suggestions — 
of the Committee ; but when you bring the matter before the membership ina 


which I approve and yet to adopt which is contrary to my conviction of what the 

Society should do as a matter of policy and precedent? The chances are thathe | 
will vote against adopting the Report, even though he agrees with it and thinks 
itis right. The difficulty is to divorce these two points in ene vote. 

Mr. Kent.—1 think that ean be got over by letting a man have three votes. © 
He can vote for the Report, or against it, or decline to vote at all. With re gard 

to the negative votes they should be divided into two classes, one negativing the 

Report of the Committee, and one negativing the action of the Society in indors- 

ing anything. 
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The President.—Professor Sweet, 1 suppose, will take that point in view in_ 
- writing out the resolution. 
Mr. Partridge.—In the New England town-meeting there was formerly a 


Bye custom which might well be adopted in this case. It was called ‘ taking | 


the sense of the meeting.” If we could pui our vote into this form we might — 
divorce the question of adopting the code from that of the individual sanction of 
the members. A resolution in this form would remove most of the objections: 
~ which have been made te the letter ballot and to the motion as made by Professor 

Sweet. Taking the sense of the meeting would bring out the feeling of the | 

members in regard to the Report without the necessity of a formal ballot, to 

~ which many of us object purely on grounds connected with the policy of th 

Society. 

Mr. Babeock.—I would suggest making two ballots :—first, are you in favor of. 
this Society indorsing or adopting a standard of this character? Then, second, 
if it be decided by the other ballot that the Society are in favor of adopting a 
Standard, would you vote to adopt this or not? That seems to me would divorce. 
the question from the two difficulties under while h Mr. Partridge finds himself 
~ laboring. He says he should vote against it on the ground that he is not in favor 

of the Society’s adopting any standard, but he could thus express his views on 
both questions at issue. 
Mr, Oberlin Smith.—Nas this Committee conferred with kindred societies in this” 
country or im Europe with reference to this matter? 
Mr. Kent.—They have net, and I do not think they will. I think we are proud 
- enough and conceited enough to believe that there is no society in this countr 
_— is us capable of deciding this question as the American Society of Mechani- : 
cal Engineers, 
Mr. Smith.—l agree entirely with Mr. Kent. At the same time, we could be 
+S = ked up by tbe little fellows around us. Would it not be better to leave “4 
~ whole question until the Fall Meeting, and see if we can get the indorsement, 
some gentlemen suggested, of the Franklin Institute and others, and then vote 
: on the question by letter ballot ? 
Mr. Kent.—I did not mean any disrespect to the other societies by what I said. 7 
- But the American Society of Mechanical Engineers is a Society of Mechanical En- 
_ ginee rs. The Civil Engineers’ Society has little or nothing to do with boilers. 
‘The Franklin Institute is interested in science and philosophy, and the like, 
and is not specially interested in mechanical engineering, and there is no other 
- society that fulfills the function that this Society does. Any one who votes on this 
subject should be a member of this Society. 
The Seerctary.—In connection with the suggestion of Mr. Smith about defer- 
- ; ring action till fall I would explain that, as a matter of convenience, it would be 
well to finish this subject now, becau-e the sixth volume of the ‘* Transactions,” 
%, which will close with the papers of this meeting, could thus contain all the ae- 
_ tion of the Society concerning the Report and the Standard. 
Mr. Chas. FE. Emery.—The general feeling of the members of the Society pres- 
ent appears to be in favor of the Report, criticisms being directed to minor 
points. I think it important, if the Society adopts the Report, to have the dis- 
cussion seem to favor it. I hope that the members will reason with these who 
have expressed dissatisfaction with special features, and urge them to put their 
- views in such shape that they may not be misunderstood. It is particularly de- 
sirable that experts in boiler trials hereafter, who are interested in opposing the 
Report, will not find a basis of opposition in the language used by those who 
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really favor its principal features, I expressed myself a few moments ago as 
thinking it might be better to have the Society vote on the adoption of the Re-— 
port. It appears to me now, that. if the discussion be put in proper shape, it 
will add more weight to the Report than its adoption by the Society, inasmuch 
as many who then vote upon it are not expert in this particular subject. If all 
who have discussed the matter simply show that they have views as to details, 
but are willing to yield to the opinions of the majority, their views will add to, 
rather than detrac’ from, the conclusions preseuted. | understand that Mr. 
— Babcock, for instance, favors the Report and is not opposing it, but simply stating | 
Iris views of details. [ am almost converted to the view of dispensing with the 
Poy letter ballot, as a matter of minor importance, and letting the discussion indicate 
ait the views of members 


< Those who are expert in the matter have views, of 
course, but the discussion can be made to show that they are willing to yield to 
the majority. This course was necessary in the Committee. While there were — 
no wide differences in opinion on important questions, compromises were neces- 4 
sary as to details, i 
Mr. Dio fee.—1 want to reply to Mr. Kent in regard to the legal evidence 
of any action of this Society. The evidence of any member who is here present: 
wili only suffice to establish his own memory and belief relative to the opinion = 
of the Society. He can say what he thougit was the opinion, He can say what a 
he believes was the opinion. But if the court wants the official opinion of this _ 
Society, it has got to have its records attested by its officers, and there is no other — 
way to get at it. 
Mr. Babeock.—\ certainly do not wish to go upon record as objecting to this — _ 
Report 1 did not so intend my remarks. I personally would have been much 
better pleased if the Committee had confined themselves to one definite well- 
known unit instead of taking three; but I have no fault to find with the Commit- 
tee, or other criticism on this Report. 1am satisfied with their Standard, and 
would certainly like to see it become the standard of the country ; whether | 
would like this Society to put itself upon record by formally adopting the Report, 
is another question, which I am not prepared to decide. 
Mr. Partridge.—There is one phase of the discussion perhaps to which no one 
has called attention, which is as important as any, bearing as it does on the feel- 
ing of the Society toward the whole Report. Here is a Report covering a code 
for boiler testing, sixty-eight pages in length. In our discussions here, twenty- 
two lines only of this Report have been unfavorably criticised, and the remainder 
has been accepted by every man present, I presume, as entirely harmonizing with 
his own views. Now it is well for us to remember, that less than one-half of 
one page, or not quite one per cent., has been made the subject of any adverse 
remarks whatever, and if the feeling of the Society in the discussion confers any 
value upon a Report, this one has had a most hearty commendation, There are 
eighteen lines on the eleventh page, I believe, which have been mentioned, and 
Mr. Emery’s paragraph in the Appendix, on the calorimeter, is, 1 think, six or 
seven lines more, 


Mr. Emery.—'That would hardly be considered part of the Report. 

Mr. Partridge.—This makes my position so much stronger. We find but 
eighteen lines out of the whole Report have been objected to by any of the mem- 
bers in the whole Society. This shows that the proposed code is considered suit- 
able for adoption in all cases where members have to make boiler tests. 

Mr. Root.—1 would ask if there is any motion before the Society in regard to 
the acceptance of this Report? 
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The President.—It bas been accepted. a 
Mr. Root.—And the question now is merely upon its adoption by a letter ballot? | 
The President.—As the official code approved and indorsed by the Society. 

Mr. Root —Then the matter is finished with the exception of this letter ballot 
indorsing the action of the Committee. 

The President.—1 think the Committee may feel highly complimented by the — 
fact that the S 
the great thought that has been bestowed upon it, but they recognize the truth 
= value of ee that is in that oad I think | that is very “7p arent. 


ciety has recognized not only their great labor in the matter and 


shall come 
—- Professor Siweet.—I am almost disposed to withdraw the resolution. Thies 


who were at first disposed to favor submitting the Report to the whole Society 
So far 


seem now pretty well satisfied to submit it to the members present only. 
as I am personally concerned I should be willing to leave it in that way. 
[ At this point the morning session adjourned]. 


as AT THE AFTERNOON SESSION. ~~ 
4 The Pre side nt.—The first thing i in order is Professor Sweet's resolution. ae 


out which they wish to present. 
‘These amendments were then presented as they appear in No, elxviii—aA. 


there are some ame that gentlemen present have w 


Mr. Kent.—I1 second the proposed amendments for the purpose of having them — 
_ brought properly before us and discussed. But the Report itself not having been 
- adopted, I do, not see how the Society can proceed to adopt amendments to it. 


t to the Committee. The Committee having been thanked for its labors and dis- 
charged no longer exists. I do not see what can be done unless the Secretary 
- might take these amendments and write a circular letter to the individual mem-— 
bers of the Committee, and if a majority of them consent to having them sub- i 


‘stituted for the report, it might be done in the printed Transactions in that way. 


If they decide not to do that, these proposed amendments might be printed in the 


Transactions as proposed, and the fact stated that the Committee did not accept 
_ them. But it is questionable whether even that should be done, because there 


were perhaps fifty such amendments proposed during the meetings of the Com- _ 
- mittee, by the different members thereof, which have been suppressed. 
Mr. Partridge.—Perhaps it would aid the consideration of these things to 


make a statement of the condition in which the question now is before the 
Society. The Committee has nothing further to do with its Report, siace this 
Report has been accepted by the Society, and by a vote the Committee las been 


- discharged. It is now before us simply as a code for our guidance. We are now 
_ proposing to decide what form it shall have, and whether, as a Society, we will 
adopt it as code for our guidance. Therefore amendments to this code, 
not to the Report, are in order and can be considered like amendments to a resolu- 
tion before the Society. 

Mr. Kent.—1 beg leave to differ. The code is not before the Society for adop- 


tion; we settled that, I think, by the discussion this morning and by the with- 7 
- drawal of Professor Sweet’s motion. As it stands now, the Report is received, the | 
Committee discharged, and the Report accepted to be published in the Transac-_ 
tions as it stands. The Society cannot change the Report. The Report is 


| 
| 
| 


APPENDIX VI. 


finished when we hand it to the Society and sign our names to it, and they can | 
either accept it or reject it. They lave accepted it, and the only persons who 
eal amend it now would be the individual members of the Committee by their — 


meeting and requesting that it be amended. 2 

Mr. Portridge.—Vhere is a little misunderstanding. This Society and many 
as ‘a ‘rs fall into the habit of making a motion to accept a Report after it has been 

. read, Such a thing as that, according to the best Parliamentary usage, has been > 


decided to be an absurdity. We accept a Report when it is read and the Com- 


~ mittee has nothing further to do with it, and when the motion to di-charge the 

Committee is made and eirried, that Committee ceases to exist, and, except as | 
individual members of the Socety, can have no further concern in that Report. 
This Report is in the form of a code proposed for adoption. The Report being — 

: made, the Committee have no more to do with it than they had before they were — 

_ a. In other words they are now individual members of this Society: 

We have only handled this so far as we have discharged that Committee. Their — 
~ Report is before us and we ean do, according to Parliamentary usage, three things — 
with it. We could refer it back to the Committee if we had not discharged them, 
or if we had, to another Committee. We can lay it on the table, or, as it recom- 7 
me ‘nds something to be done, we can adopt it and thus do what has been recom- . 
me nded. Now that code is essentially a motion to do, and is open like any othe i 
motion to amendments or to changes. That, however, does not, as Mr, Kent 
_ sugge sts, make it possible for us to alter the Report. This is made and finished. h. 
Ne ‘ither Society nor Committee can make any change in that. But the code we ‘ 
~ can change ; we can adopt or reject it as a rule for our guidance, and, therefore, e 
when that question comes up, as it must in due course, the amendments are 
7s proper and in due Parliamentary course. 
Mr. Stratten.—As | understand it. this Report is now before the meeting, and- 
m according to my understanding of Parliamentary usage, it is proper for us to 
determine as to whether we will adopt this Report as a whole, or adopt it section 
ok section or paragraph by paragraph. Therefore, | would offer a motion that 
_ we adopt this Report as offered by the Committee. 

Mr. Kent.—1 think both the gentlemen are led astray by their conception of 
Parliamentary rules. This Society does not exist as a Parliamentary body for 
the purpose of passing resolutions. Certainly by the withdrawal of Professor 

Sweet's resolution, and by our permitting him to do so we have expressed our 
on refusal to submit this code to letter ballot. We have taken the stand that the 
— Society does not adopt anything ; that it will adopt the Report of no individual 
or no Committee ; that it will not put itself on record as adopting anything. It 
has no creed and no platform; except such as are in our Constitution and By- 
_ laws. This code is not now before the Society for adoption at all. It is not 
"prop sed by this Committee, or by any individual of the Committee, that it should 
be adopted. The general trend of the discussion, as it was summed up in the 

— withdrawal of the motion, was that this Society shall not adopt anything. If it 
--—- ¢annot adopt the code, how can it adopt an amendment to the code ” 

Mr. Sirect.—I have prepared a resolution to present in place of my former one 

| e- - offered this forenoon, and I think it will put the matter in the correct light and 


to the satisfaction of all concerned. The resolution I wish to offer is as follows : 
Resolved, That we recommend that members of this Society adopt in their practice 
the code for conducting boiler tests, which has been presented by the Committee, 
and that the standard adopted by the Committee as to what shall constitute a 
_horse-power, be accepted as a standard in cases of litigation. 
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It seems to me this opens it for amendments. This presents the code to the 
Society, and leaves it so that if any one has an amendment to propose to the code 
he can do so, 

Mr. Green.—I second the motion of Mr. Sweet. 

Mr. Towne.—With all due respect to Professor Sweet and the other speakers, 
I sincerely trust that this motion will not prevail. It is in fact the same as the 
one which was presented this morning. It commits the Society as a body to the 
indorsement of this Report,as embodying a proper method of making boiler 
tests. So far as I know, that method is probably the best mode of making such 
tests that we have, but if this Society, as such, is to be committed to that indorse- 
ment, it should be by a vote of the whole membership (by letter ballot, in my 
opinion) as has been proposed—not merely by a vote of this meeting, at which 
there is but a very small fraction of the membership present. But a vote by 
letter ballot, or even a vote taken while the whole membership is present at any 
one time, on a subject of this kind, would not, in my opinion, carry with it the 
force that such a vote ought to carry to the outside public. The Report deals 
with a special branch of engineering practice ; one with which the members of 
the Society who made that Report are intimately familiar, and about which they 
probably know more than any other five members of the Society. It is proposed 
to present that Report to the other members, to vote yes or no upon its adoption. 
If each individual member who is going to vote yes or no upon that question has 
a training and experience which qualifies him to vote intelligently upon it, then 
his vote means something and is desirable, provided that he has also been able 
and wiliing to read the Report carefully. But I venture to say that not more 
than ten per cent. of our membership is competent at the preseut time to pass 
upon such a question. Not all of us are practicing steam engineering, and even 
those of us who have had occasion to undertake boiler tests—as for instance I did 
at one time—huave not necessarily been able or obliged actively to keep up that 
branca of enzineerinug practice, and to that extent are disqualified, at present, to 
pass any judgment upon these questions without first bringing themselves up 
to the state of the art at the present date, and also fully studying and compre- 
hending what the Committee has done. Granting all this, it follows that when a 
member, not having this intimate knowledge of the subject, has this question to 
vote yes or no upon, he has either got to say frankly, I don’t know anything on 
the subject, and votes yes or no—whichever way takes his fancy (in which case 
his vote is worse than useless) ; or, he has to qualify himself to vote intelli- 
gently by doing an amount of work which it is not to be supposed he will do for 
the present purpose. Besides all this, if the Society takes the ground of officially 
adopting the Report now before us. it follows that other subjects will come up 
for official adoption, and, sooner or later, it will be sought to give the weight of 
the Society, as a body, to the enforcement of certain theories and certain rules, 
which some of us may be sorry to see done, and I think the proper course, this 
being the first time the question has come up, would be not to act upon it now 
and in this way. But if the contrary opinion prevails, that the Society should as 
a body take some action upon this matter, then I think that the first step should 
be to present this question to the Society first, namely : Shall the Society, as 
such, by a vote of its members give its indorsement to any Report of this kind, so 
that it shal! go forth to the world that such and such a method of procedure (as 
it happens to be in this case), or, that such and such theories and opinions are 
those officially of the American Society of Mechanical Engineers. That question 
should be put to the Society, and a vote by letter ballot had on that first. If the 
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result of that vote is affirmative, then the question of the indorsement of this 
Report should be submitted to the membership. 

But can we not avoid all of this difficulty in the present case without troubie? 
A vote was passed this morning by which the Report was accepted and the Com- 
mittee discharged with the thanks of the Society. Now if any members present 
think that the Report can be improved in certain directions, let them embody 
their suggestions in a brief statement, and have that filed and incorporated as 
part of the record of this meeting. It goes out to the world then, together with 
the Report, as the opinion of such individual member, as to certain improve- 
ments’ or modifications in the methods suggested by the Committee. As Mr. 
Kent has said, that Report is accepted, and amendments to it are not in order. 
It is not competent for this meeting, as the matter stands at present, to discuss 
anything in the nature of amendments to the Report. They can consider, if it is 
brought up in proper form, any views or opinions differing from those set forth 
in the Report, but we cannot act upon such opinions presented as amendments to 
the Report. I think that before taking any vote upon the motien of Professor 
Sweet, as just read, this fact should be carefully considered, that an affirmative 
vote contemplates the commitment of the Society to the official indorsement of 
this Report, so that it shall go out to the world as a programme approved and 
indorsed by this Society, and inferentially by every member of the Society. — If 
we take that course in this matter, we shall be called upon to take it in many 
others. 

Mr. Durfee.—For the purpose of getting at the sense of this meeting in regard 
to what is the best course to be pursued, | move that the Report of this Commit- 
tee and the discussion thus far thereon be printed in the next volume of the 
transactions, aud that further discussion of the Report be dispensed with, and 
the whole subject of its adoption be laid on the table. 

Mr. Partridge.—\ second the motion, 

Mr. C. E. Emery.—I merely suggest as an amendment to that last motion 
that parties have permission to correct their discussion. I do not know that it is 
necessary. 

Mr. Durfee —That goes as a matter of course under the Rules. All discus- 
sions are sent to the parties taking part in them. 

Mr. Sireet.—lf it is the will of the meeting, I will withdraw the original mo- 
tion, with the permission of my seconder, aud let Mr. Durfee’s go as the one be- 
fore the house. 

— Mr. Durfee’s motion was carried, and the discussion closed. 
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